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PREFACE TO THE SECOND EDITION. 


Eleven years have passed since the publication of, the first 
edition. During this period enormous progress has been made, 
scientifically as well as practically, in the realm of the volatile 
oils. Numerous investigations have increased and broadened 
our knowledge of the volatile oils. The composition of a con¬ 
siderable number of volatile oils, heretofore unknown, has been 
revealed. New chemical compounds, the presence of which in 
volatile oils had, previously, not been established, have been found 
therein. The industry has not hesitated to utilize the results of 
these investigations. It has applied them to the methods of 
testing volatile oils and has improved these methods. The distil¬ 
lation of new volatile oils has greatly added to their number. 
All of these causes, as well as the circumstance that the first 
edition has been exhau-sted since several years, have induced 
me to begin work on a second edition. 

Inasmuch as the material had grown too voluminous to be 
included within one volume, the book now appears in two volumes. 

The first volume, now completed, contains the historical 
part, including the history of the several oils. This part had 
been written for the first edition by the late Dr. Friedrich Hoff¬ 
mann. It remains almost unchanged and has received only 
occasional supplements. In addition, the first volume also con¬ 
tains the description of the principal constituents of the volatile 
oils, as well as the methods of testing them. 

A new chapter has been added on the “Production of flower 
perfumes by extraction, 'en/teura^e and maceration”. During 
the past decade these methods have acquired considerable im¬ 
portance, more particularly in Southern France. The chapter 
devo|pd to the ‘Theoretical basis for obtaining volatile oils by 
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steam distillation” has been omitted. Being of the greatest 
industrial importance, it was carefully revised and amplified by 
Dr. C. V. Rechenberg, and, inasmuch as other matters, not 
pertaining directly to volatile oils, had to be included in the 
treatise, it became so bulky as to necessitate a separate volume. 
This has already made its appearance under the title: “Theorie 
der Gewinnung und Trennung der ^therischen Ole durch 
Destination (Grundzuge der allgemeinen Destillationslehre).” 

For their co-operation in the chapter: “The principal con¬ 
stituents of the volatile oils,” which includes the principal arti¬ 
ficial perfumes, 1 am indebted to Dr. 0. Wiegand, Dr. A. Reclaire, 
Dr. H. Kohler, and Dr. W. Muller. The chapter on “The exa¬ 
mination of volatile oils” was revised by Dr. 0. Wiegand. All 
of these gentlemen, as well as Dr. F. Rochussen, have assisted 
in reading proof. 

The tables contained in the first edition have been expanded 
and a new one has been added. Using 1,5 g. of oil and a half 
normal potassium hydroxide solution, this table enables the ana¬ 
lyst to read off directly the ester value, also the percentage of 
ester and alcohol, without any computation. A second copy of 
these tables has been added to the book in such a manner that 
they can be used separately in the laboratory. 

In the second volume, which is to appear later, the indi¬ 
vidual volatile oils are to be dealt with. 

MiltITZ near Leipzig, )uly 1910. 


E. GILDEMEISTER. 



PREFACE. 


It is only within the last few decades that the former empiric 
manufacture of volatile oils has been placed on a scientific basis, 
which has enabled it to develop into an independent branch of 
chemical industry. During the period of transition in which this 
branch still finds itself, those factories which have done pioneer 
work, both scientifically and technically, as well as those which 
use the oils in various manufactures, are often compelled to 
suffer from the competition of inferior and adulterated products. 
As a matter of fact, the proper understanding of the estimation 
and appreciation of quality and purity of the much used volatile 
oils is not as common as is desirable for industry, commerce 
and the trades. The principal cause for this condition is the 
fact that the recent chemical investigations and their application 
to the arts have not yet been generally offered in suitable form. 

The want of a work which from a modern standpoint treats 
in an exhaustive and critical manner the entire subject of vola¬ 
tile oils, has induced the firm of Schimmel Co. of Leipzig to 
commission the authors with the preparation of a treatise that 
would meet the present demands. The successful completion 
of this task has been greatly facilitated by having placed at their 
disposal the observation records of many years of manufacturing 
on a large scale. 

Special stress has been laid on the description of properties 
and on tried methods of testing the commercially more impor¬ 
tant oils. Thus the consumer is placed in a position to distinguish 
pure from adulterated oils, good oils from those of inferior quality. 
Inasmuch as rational methods of examination are dependent on 
a knowledge of the physical properties and chemical composition 
of th# oils, it became necessary to discuss thoroughly the results 
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of the scientific investigations of the subject. Those investi¬ 
gations, however, that cannot claim permanent value, as well as 
antiquated methods, such as color reactions, etc., have not been 
included. 

Fully realizing the importance of a historical basis for such a 
work, this has received special attention. Detailed references 
to the original sources enable the reader to make further in¬ 
vestigations in this direction. 

Although the aim and object of this book is primarily of a 
practical nature, the authors venture to hope that it also offers 
to the scientific investigator a complete summary, with numerous 
references to original literature, of everything that has been 
accomplished in this line. 

The authors acknowledge with thanks the co-operation of 
Dr. C. von Rcchenberg who wrote the chapter "Theoretical foun¬ 
dation for the preparation of volatile oils by steam distillation;” 
also of Dr. |. Helle who contributed “The more common con¬ 
stituents of volatile oils;” finally that of Dr. j. Bertram who kindly 
assisted in reading proof and who repeatedly made valuable 
suggestions. 

With regard to the share in the work by the two authors 
whose names appear on the title page; the “Historical intro¬ 
duction,” also everything that pertains to the history of the 
volatile oils and the raw materials, as well as the description 
of the methods of production of the American products, and in 
part the statements regarding origin and production of the drugs, 
are from the pen of Dr. Friedrich Hoffmann; the entire 
chemical text and those parts not specially enumerated have 
been written by Dr. Eduard Gildemeister. 

Leipzig and Berlin, june 1899. 



PREFACE TO THE AMERICAN EDITION. 

In the work of Doctors Gildemeister and Hoffmann we find 
a happy blending of history with chemical science and technology 
that is quite unique in modem chemical literature. Moreover it 
covers a chapter of organic chemistry of which Professor Emil 
Fischer of Berlin recently remarked that it had undergone more 
rapid development within the past fifteen years than any other. 

The translation of such a work should indeed prove of value. 
To make such a translation and to take cognizance of the 
numerous contributions on volatile oils and related subjects that 
have appeared since the original German edition was issued a 
year ago, has proved a severe task for one whose time was 
already divided between instructional duties and editorial labors. 
In judging the English edition, it is hoped that the limitations as 
to time and the difficulties encountered will be taken into con¬ 
sideration. 

Owing to the impossibility of satisfactorily translating many 
of the numerous quotations in the historical introduction, chapters 
two and three have been condensed. Inasmuch as but very few 
if any readers are in a position to consult the numerous historical 
works quoted by Dr. Hoffmann, all bibliographic information has 
been placed in an appendix. 

To the special part a few oils were added, and changes 
rendered necessary by recent invest^ations were made as far 
as time permitted. 

The writer desires to acknowledge with thanks his indebted¬ 
ness to Mr. Carl Fritzsche and to Dr. Hoffmann for suggestions, 
as to the scope of the translation and as to minor details. 
Mr. 0. Schreiner has assisted in the translation and proof reading 
and Dr. C. Kleber of Garfield, N.)., has kindly read one proof. 
His long experience as chemical expert on the subject of volatile 
oils rendered his co-operation especially valuable. 

MADISON, WIS., )uly 1900. 


EDWARD KREMERS. 
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p. 76, line 13. Insert between “discovery” and “of" the followinj words; 

of the elementary composition of water by Cavendish about 1766 and 
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p. 115, alter last line insert: Rheedc also described pepper oil in 1688’). 
p. 116, second last line. Read Masudi for Madusi. 
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p. 130, line II. Read medico-physicx for medico-chymica. 
p. 134, line 7. Read Cuibourt lor Guibort. 
p. 140, line 3. Read VII. for III. 
p. 144, line 8. Read Charlard for Charland. 
p. 146, line 15. Read Gerhardt for Gerhard, 
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p. 170, lines 4, 5 and 12. Read parsley for celery, 
p. 171, line 1. Read parsley for celery, 
p. 177, line 8. Read Engelbert for Adalbert, 
p. 179, line 15. Read Uschak for Uschaq. 
p. 188, line 7. Read Begninus for Begnini. 
p. 249, line 26. Read lighter lor ligther. 

p. 474, The account under dihydrocuminic alcohol should be supplemented 
by the following statement: Its naphthyl urethane is a solid com¬ 
pound that melts between 140 and 174°. (Report of Schimmel S Co., 
Oct IIKIli, 40.) 

p. 412, line 15. Read pyroracemic acid for pyruvic acid, 
p. 443, line 7. Read Beyer for Baeyer. 
p. 457, 7tl' line from below. Read benzoate for succinate, 
p. 521, line 17. For imperialis read imperiale. 






HISTORICAL INTRODUaiON 


GlLDCMCISTEIt, The VOMTIIE OILS. 




I. THE SPICE-TRADE IN ANTIQUITY AND 
DURING THE MIDDLE AGES. 

(With two maps.) 


Parts of plants as well as natural plant products which have 
been used since antiquity on account of their agreeable odor, their 
pleasant taste, or their medicinal virtue, enter the world’s com¬ 
merce up to the present time in their original form, being either 
previously dried, or prepared in some other expedient manner. 
The essential constituents of these crude materials (drugs), the 
aromatic volatile oils, the resins, gum resins, bitter principles, 
alkaloids, and glucosides, have been recognized in the course of 
the development of the natural sciences. With the improvements 
in technology they have gradually been prepared in a purer and 
better condition. 

Of these various products of the plant world, the spices and 
aromatics have from the very beginning ministered to the needs 
and welfare of man, and have, therefore, been appreciated by 
him in a special degree. As a result, they have always been a 
prominent and influential factor in the intercourse of nations as 
well as in the world's commerce. After several thousand years 
of knowledge and actual use of the spices in their original form, 
their essential constituents, the volatile oils, have since the middle 
ages and more particularly in modem times been successfully 
isolated and utilized. 

In a treatise on volatile oils, a brief historical retrospect of 
the origin of and commerce in the bearers of these products, 
viz. the spices and aromatics, may be regarded as eminently 
proper. This all the more, since in this branch of knowledge 
as well as in others the historical element constitutes a valuable 
basis for a proper understanding and investigation. 


1* 
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Historical introduction. 


All investigation in the realm of the history of civilization, 
that considers not merely a single people but mankind in general, 
and that goes back to the earliest historic documents, invariably 
leads to the wonderful orient so rich in legends—to central Asia, 
the traditional cradle of mankind. This is also true of the history 
of the trade of the oldest peoples, and especially of the source 
and distribution of the useful spices and aromatics. 

Its geographical position and topographical configuration make 
Asia a very highly favored continent. Broad as it is, it extends 
from pole to equator. Favored by mighty mountain chains 
and rivers, its most beautiful and richest countries lie in lati¬ 
tudes where soil and climate afford all conditions favourable to 
luxuriant subtropical vegetation. The eastern and southern coast- 
lands are cleft by large bays which penetrate far inland. Many 
navigable rivers which flow into these bays have their origin in 
distant highlands. The mainland is bordered by a wreath of 
islands extending from the japanese island realm through the 
Malay archipelago to Ceylon. These islands abound in tropical 
vegetation. The entire continent, therefore, reveals a diversity 
and richness of plant life such as no other possesses. 

These advantages have made southern Asia and the islands 
bordering on its coast the oldest and principal scene of inter¬ 
national traffic and commerce, spices and aromatics constituting 
the main articles of exchange. They not only found general use 
on account of their agreeable odor and aromatic taste, but were 
employed by most peoples in religious rites and sacrificial customs, 
and thus acquired symbolic meaning. With the increase of 
prosperity and luxury, also with the development of the sense 
of cleanliness and of physical wellbeing, spices and aromatics 
not only became more valuable, but their consumption increased. 

According to documents discovered in recent years, the 
territory between the Indus and the Oxus was the starting point 
of the early commerce between the oldest peoples of central and 
southern Asia. Attock, Cabura, Bactra, and Maracanda seem to 
have been the first larger centres for storage and exchange of 
oriental products. These consisted of spices and aromatics, the 
noble metals, silk, and jewelry. To Attock were brought the 
products of the eastern Chinese empire, which, at an early date, 
closed its markets to the rest of the world. '■ 
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From Attock, at the junction of the Kabul river with the 
Indus, the caravan road led via Cabura (the present capital Kabul 
of Afghanistan) to the north via Bactra, Bochara, and Maracanda 
(Samarkand) to the countries of the Oxus and to the Scythian 
tribes. Also from Cabura southward to Kandahar, thence in a 
western direction through the realm of the Parthians to the Pylx 
Caspim (Caspian gate), and to Ecbatana in Media. Thence the 
land route crossed the Tigris to Babylon on the Euphrates. In 
a later period, after the traffic along the water routes had developed, 
a round-about way via Susa to the mouth of the Tigris was taken 
and the caravan freight shipped up the Euphrates to Babylon. 
Between Attock and the ports on the Black and Mediterranean 
seas, Babylon-existing 3000 years B. C. — was in early anti¬ 
quity the most important place of traffic and commerce for 
westward bound Chinese and Indian merchandise. To the north¬ 
ward the caravan roads led out of Babylon through Assyria and 
Armenia to the Black sea (Pontus Euxinus) and westward 
through Syria to the Mediterranean sea (Mare Internum), thence 
through Palestine to Egypt. In spite of their highly developed 
industry the Egyptians, as is well known, closed their doors to 
foreign peoples as did the Chinese. As a result commercial 
centres were wanting in ^pt that were open to foreign merchants 
and to transitory commerce. 

During the prime of the Babylonian empire, about 2000 to 
1000 B. C, a lively caravan trade was developed which extended 
from China, India and Arabia to Egypt, Palestine, Syria, and the 
Black sea. 

During this period, Arabia acquired special importance by 
means of the sea traffic of her southern coast, which was favored 
by the Persian gulf and the Red sea. At an early date, the 
Arabian population conducted a lively intermediate trade with 
Indian and Egyptian goods which were brought to the Arabian 
ports. By means of caravans these were carried northward to 
Babylonia, Syria, and other countries. The principal route from 
southwestern Arabia to Babylon, Damascus and Egypt led from 
Cane on the Arabian gulf (Erythraean sea) via Saba, Macoraba, 
Hippos, and Onne to Elath (the present Akabah) at the north¬ 
eastern end of the Red sea. From this point the eastern route 
crossed the jordan via Petra, Kir Moab, Ammonitis and Dan to 
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Damascus; the western route to Egypt via Azab, Axomis, and 
Meroe. 

About 15 centuries before the Christian era, the world’s 
commerce was gradually and, in the course of time, very greatly 
expanded by the Phoenicians, who lived on the narrow Syrian 
coast district. In the industrial and commercial field they 
acquired a prominent position; as mariners, however, a domi¬ 
nating position among the nations of their time. Besides having 
practical control of sea navigation, the Phoenicians were the first 
extensive and successful colonizing nation of antiquity. They 
established or extended commerce with the peoples living along 
the coast of the Mediterranean, they ventured through the “Pillars 
of Hercules” (Gibraltar) into the ocean and made accessible the 
products of the Madeira and Canary islands, the western coasts 
of Spain and France, the British islands, and the northland as 
far as the amber coasts of the Baltic sea. 

For almost a thousand years, during which time they held 
their prominent position in marine traffic, the Phoenicians were 
the principal commercial agents between the nations of the orient 
and the Occident. Sidon and, since the ninth century B. C., Tyre 
became prominent centres of the world’s commerce of that time.') 

The Phoenicians also extended their navigation to the Red 
sea and the Arabian gulf and from these to the Persian gulf. 
In the latter they established the colonics on Arados and Tylos, 
islands belonging to the present Bahrein group. From the twelfth 
century up to their decline in the fifth century B. C, these cities 
carried on a large transit-trade with goods from India and Ceylon 
to Babylon, Damascus, Tyre and Sidon, and to Egypt. A caravan 
route led from Gerra via Salma, Thasma and Madiana to Elath. 
From Elath the older routes to the north, to Damascus, Tyre 
and Sidon were followed, also westward to Egypt. To Babylon, 
on the other hand, the water route up the Euphrates or Tigris was 
taken from Arados and Tylos. 

Carthage, a Phoenician colony established in 846 B. C., soon 
flourished and developed such power that it became the greatest 
rival of the mother country in the following century. 

') As is well known, the Phoenicians supplied King Solomon with the 
material for the building of the temple at lerusalem about tOOOB. C. (1. Kings, 5, 
9 and lOj also 2. Chron., 2 and 9). 
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Owing to the rise of the Persian empire, the inland com¬ 
merce of western Asia was somewhat shifted during the period 
from the sixth to the fourth century B. C. The old routes of 
traffic passing through countries controlled by the Persians were 
not only kept in good condition but extensions were also made. 
These old highways of transcontinental commerce underwent 
further changes at the time of the Greek conquests under 
Alexander the Great at the close of the fourth century B. C. 
Still greater, however, were the changes brought about by the 
migration of nations during the fourth and fifth centuries of the 
Christian era. Wars and other disturbances of the commercial 
intercourse along the old caravan routes frequently restricted 
traffic to the rivers and seas. Upon the re-establishment of 
peace, however, commerce always seems to have found its way 
back to the traditional caravan routes. 

In the course of time, however, and especially during the 
sixth and seventh centuries still other changes took place. Thus, 
c. g. the products of the Chinese and Indian coast districts and 
of the Indian islands were brought in part by ship over the Bay 
of Bengal and by way of Ceylon to the commercial centres of 
the Persian gulf and the Red sea. From these they were 
distributed by coast-wise trade, by river navigation up the Tigris 
and Euphrates, or by caravans to the north and west. From the 
more northern Chinese and Indian districts the caravans passed 
through the present East-Turkestan following the older routes 
mentioned on p. 8 and 9 through the countries of the Oxus to 
the Araxes. The goods, instead of being carried by river to 
Phasis and the Black sea, were taken as far as Artaxata and 
then by caravan through Persia to the ports of Asia Minor. The 
old route from Kandahar along the northern border of the Iranian 
plateau, which likewise led through Persian territory, was also 
followed by caravans. 

During the reign of the East Roman emperor justinian, in 
the sixth century, when the world empire of the Romans was 
broken up by the migration of nations, Persia experienced a new 
rise to power under the Sassanid®. The Persians ruled the 
entire territory from the Caspian to the Arabian seas and from 
Afghanistan of to-day to Syria and Armenia. They improved 
the old high-ways and caravansaries, kept them in repair and 
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promoted commerce and traffic, directing both over routes leading 
through their own territory. Owing to the wealth and luxury of 
the Roman empire, the commerce, in oriental spices had risen 
to an unusual height. The East Roman empire which at that 
time was the principal western state with its capital at Con¬ 
stantinople, was forced by the Persians to procure such oriental 
goods as were not shipped by water, from and through Persia 
and to pay a heavy duty on them. The principal places of 
storage and for the collection of revenue at that time were 
Artaxata on the Araxes, Misibis, south of the Tigris, and Cal- 
linicum (Rakka) on the Euphrates. To Artaxata were brought 
the goods from the countries of the Oxus over the Caspian sea. 
Those that were conveyed along the caravan routes south of 
the Caspian sea, and those that came from the coastlands of 
the Persian bay up the Tigris or Euphrates centered at Misibis. 
For nearly five centuries, the aromatics of China and India, of 
the Malayan archipelago which came via Ceylon, and in part 
those of Arabia were transported over the two last-mentioned 
routes to the western countries. About this time also, the 
Levant commerce, which became so important in a future period, 
had its beginning. 

During the life of the Persian empire (up to the middle of 
the seventh century A. D.) all attempts, made by justinian and 
his successors, to divert the commerce from its course through 
Persian territory by means of marine transportation remained 
unsuccessful. They did not even succeed in opening up marine 
traffic between India and Ethiopia, because Persian merchants 
visited the Indian markets and persuaded the Indians and Chinese 
not to sell their goods to new customers. In the course of 
time, however, the Greeks succeeded in obtaining larger consign¬ 
ments by water from the ports of India and Ceylon and more 
particularly from the coastlands of the Arabian sea, which were 
rich in spices. These were delivered directly to their own ports, 
Kolsum, and Akabah and Berenice near the entrance to the 
Red sea. 

About this time there existed three great caravan routes 
from China westward. They began in the territory of the Hoang 
Ho and the Yangtsekiang and passed through the Gobi desert. 
The northern route took its course through the oasis of Chami, 
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then northward along the Thian-Shan mountains through the 
present Dsungarai, past the Balkash sea, and via Talas. It then 
followed the Syr-Darya river to, the Aral sea and the Caspian sea. 

The middle route passed to the south of the Thian-Shan 
mountains through the northern part of East Turkestan via 
Chami, Turfan, Karashar, Kutsha, and Aksu to Kashgar; thence 
over the Terek pass to Ferghana via Samarkand, Buchara and 
Merv to Persia. 

From the Gobi desert, the southern route passed through 
the southern part of East Turkestan via Chotan and Yarkand, 
then over the Pamir plateau and through A^hanistan to the 
Punjab (India) crossing the Bamian and Cazna passes to Mul¬ 
tan. Goods intended for the west, coming via this route, 
were taken down the Indus river to Daybal. From this port 
they were shipped by sea with other goods from India and 
Ceylon. 

During the seventh and eighth centuries A. D. the Arabs 
carried on an extensive marine commerce with India and China, 
especially in spices and aromatics. These were supplied in 
large quantities to the luxurious courts of the caliphs and the 
Byzantine emperors. The principal centres between China and 
Arabia were at that time on the Malay peninsula, to which were 
also brought the products of java and other Sunda islands. 
Later on commerce concentrated itself in Kalah, a city on the east 
shore of the Malay peninsula. In the tenth century there existed 
between Kalah and Siraf, a city on the east coast of the Persian 
gulf, regular commercial intercourse between the Arabians and 
Chinese. From the northern point of Sumatra the Chinese crossed 
the bay of Bengal to Ceylon. 

Arabian merchants also settled along the Malabar coast, 
in Ceylon and in the Indian sea ports. From the eighth to the 
tenth century, Daybal at the mouth of the Indus was the im¬ 
portant commercial centre and seaport of India. It was the 
principal emporium for the products of the Indus valley and 
the Punjab on the one side and of Mesopotamia, Persia and 
Arabia on the other. For the products of northern India, Multan 
on the Djelam river in the Punjab, was the first larger rallying 
point. It was also a place of pilgrimage that was much revered 
and visited by the Hindoos. 
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From the eighth century on, Suhar and Muscat, near the 
entrance of the Persian bay, developed as rival ports for Indian 
and Chinese commerce with occidental countries. At the same 
time Aden, at the entrance to the Red sea, became the principal 
port and commercial entre for the products from Yemen, Hedsjaz, 
Ethiopia and Egypt. 

In addition there were caravan routes; one from India to Persia 
through Seistan; the other via Gazna and Kabul to Afghanistan. 

Seti I. and Rameses II., Egyptian pharaohs, had during the 
first quarter of the fourteenth century B. C. connected the Red 
sea with the Mediterranean sea. In order to re-establish this 
sea-route. Pharaoh Necho toward the end of the seventh century 
B. C. tried to have a new canal constructed from Bubastis on 
the Nile to Patumos on the Red sea. This was not completed, 
however, until 500 B. C. by Darius Hystaspes and was widened 
and improved by the Ptolemies. Before the beginning of the 
Christian era it was again choked up with sand. Under the 
caliph Omar in the seventh century A. D. the canal from Cairo 
to the Red sea was again restored, but did not exist longer 
than a century. 

From the seventh to the twelfth century there also existed 
several land routes aeross the Suez isthmus. One of these 
followed the course of the old canal (choked up with sand) from 
the Red sea to Cairo, whence the goods were shipped down the 
Nile and then by sea. If the passage of the goods through 
Alexandria was not necessary, the shorter route over the isthmus 
from Kolsum to Pelusium (Faramiah), was preferred. At this 
time Damascus and jerusalem were also important commercial 
centres. Here also oriental goods were exchanged by the 
merchants of Mecca on the one hand and those of Tripoli, 
Beirut, Tyre and Acre on the other. 

From the seventh to the twelfth century there existed an 
active coastwise trade along the north African coast, having its 
centres in Syria and Egypt and extending as far as Morrocco 
and Spain. This commerce acquired a special importance for 
spices and aromatics although for a time it was limited by 
Mohammedan laws against intercourse with Christians. Commerce 
also soon flourished among the Greeks, who obtained spices 
and aromatics, possibly also rose water and aromatize'd fatty 
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oils from Antioch, Alexandria and Trapezunt and brought them 
to Constantinople, Thessalonica and Cherson. Already in the 
tenth century Trapezunt was an important emporium for the 
drugs of India and Arabia and for Persian perfumes. The Greeks, 
however, purchased these luxuries only for home consumption, 
which was large, without distributing them farther to other nations. 

From the tenth to the fifteenth centuries, the commerce of 
the Mediterranean was conducted principally by Italian cities. 
In the tenth and eleventh centuries Bari, Salerno, Naples, Gacta, 
and above all Amalfi, Pisa and Venice were the principal 
commercial centres. The Levant commerce, which was in its 
prime from the twelfth to the fifteenth century centered in Venice 
and Genoa. In the Levant itself, at the time of the crusades 
during the twelfth and thirteenth centuries. Acre on the Palestine 
coast was the most important commercial port. When this city, 
the last one held by the Christians, likewise fell into the hands of 
the Mohammedans in 1291, Famagusta on Cypru.s, and, for a 
longer period, Lajazza on the bay of Alexandretta, became the 
commercial centres of the Levant up to the fifteenth century. 
The latter port was the junction for the western merchants with 
those coming from Asia. 

Toward the end of the thirteenth century, the cities of 
Bagdad and Basra on the Euphrates, lost their commercial 
supremacy which they held for several centuries to Tebriz, the 
new rising capital of Persia near the Caspian sea. When Egypt 
in the thirteenth and fourteenth centuries began to levy a high 
toll on the finer Indian spices and aromatics, the land trans¬ 
portation was deviated more and more through Persia via Bagdad 
and Tebriz to Lajazzo and Trapezunt. 

During the fourteenth century, the island port Ormuz in 
the Persian gulf became an emporium for the westward-bound 
goods from India and Ceylon. It maintained this position until 
its capture by the Portugese at the beginning of the sixteenth 
century. The more important ports along the western coast of 
India at that time were Mangalore, Calicut and Quilon. Ginger, 
cinnamon, cardamoms, pepper, cloves, nutmegs, sandalwood, 
lignaloes, indigo, etc., were brought to these ports from the 
interior. From the Chinese ports and the East Indian islands 
large importations of these and similar drugs were received. 
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Toward the close of the thirteenth and at the b^inning of 
the fourteenth century the direct traffic between Europe and 
China became very active, more particularly over the land route. 
Under the protection of the Mongols the caravan routes through 
central Asia were generally safe. The greater part of the Chinese 
empire was also accessible to Europeans. About this time also 
Marco Polo, the first European world-traveler, visited China, 
India and the islands of the Indian ocean. 

Owing to disturbances and invasions of central Asia, the 
overland traffic diminished after the middle of the fourteenth 
century. Up to the discovery of the sea route around Africa 
at the close of the fifteenth century, Tebriz, however, remained 
an important centre for transitory trade. The capture of Con¬ 
stantinople by the Turks in 1453 enabled them to interrupt the 
trade of the Italians via Trapezunt and the Crimea and soon to 
cut it off altogether. About this time Cyprus also lost its former 
importance for the Levant trade. 

Egyptian commerce, however, once more increased consider¬ 
ably toward the close of the fourteenth and in the course of 
the fifteenth century, in place of Aden, Djidda, the sea-port 
of Mecca, became the principal junction of commerce between 
the Indian seas and the Occident. The heavier goods were 
transported by water, the lighter by pilgrim caravans to Tor on 
the Sinai peninsula. The high toll levied by the Egyptians caused 
some of this trade to be deviated for the time being to Syria. 
Owing to the occupation of Lajazzo by the Turks in 1347, and 
the conquest of the Crimea in the fifteenth century, this traffic 
continued to develop for a short time. 

Thus in the course of several thousand years, the commercial 
intercourse between the nations of Asia, later also those of 
Africa and of Europe underwent a variety of changes as did 
also the various routes of traffic. The circumnavigation of 
Africa by the Portugese in 1498, their conquest of Ormuz, the 
key to the Persian gulf, and their extended marine traffic brought 
about important changes in the traditional channels of traffic. 
The transport by means of caravans was gradually diminished; 
the highways, formerly well kept, got out of repair, the ocean 
ship di.splaced the “ship of the desert”, the camel of the 
caravans. 
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From the sixteenth century on, the ocean became the prefer¬ 
red highway of international commerce. Hence the Levant com¬ 
merce, which had flourished for several centuries and had en¬ 
riched the commercial centres of Italy and of other Mediterranean 
countries, lost its importance. 

Numerous ruins of magnificent buildings in cities and markets, 
well built high-ways covered with the sand of centuries, also 
caravansaries on the plateau and desert lands of western Asia 
and the Arabian peninsula reveal to these after-days the former 
greatness and the commercial prosperity of peoples who still 
live in history but principally in name only. 

The spices and aromatics of southern Asia and the Asiatic 
islands, which constituted the first foundation of international 
commerce have retained their original value in spite of all 
changes in the world’s history. The same spicy cinnamon, 
cloves, nutmegs and cardamoms, pepper and ginger and other 
spices used and highly appreciated since antiquity: frankincense 
and myrrh, benzoin and other incenses, camphor, sandalwood 
and lignaloes and other plant products acquiring use in ever 
increasing numbers thrive after thousands of years in the sunny 
countries and islands of the orient in primeval profusion. 

However, they are no longer brought to the Occident on 
the backs of camels over the plateaus and deserts of Asia, but 
in trim sailing vessels and speedy steamships crossing the ocean; 
or they are transported in freight cars that hasten over steel 
tracks encircling the continents. They arc used up to this day, 
in the humble hut as well as in the palace of the rich, either 
in their original state, or in a concentrated form, purified by the 
giant stills of modem chemical industry. 



11. GENERAL HISTORY OF THE 
VOLATILE OILS. 


In the course of centuries various more or less independent 
branches have separated from the common trunk of natural 
science and have made a history of their own. This Is true 
of the subject presented in this treatise. To be sure a fairly 
exact knowledge of those plant products, which arc termed 
volatile oils, has been gained only in recent periods. Neverthe¬ 
less the nature and value of these substances docs not appear 
to have escaped the observation of the oldest peoples. It seems 
almost certain that not only the grace and vivid coloring of the 
flowers but al.so the fragrance of the vegetation in southern Asia 
must have aroused the curiosity of man, fully as much as did 
the utilization of the plants for the purpose of food and clothing. 
Indeed, those plants and plant products that were conspicuous 
on account of their aromatic odor and taste, seem to have 
attracted the attention of man in a special degree. These very 
properties seem to have induced him to use them and to seek 
proper methods lor their cultivation and preservation. 

It is true that the oldest documents pertaining to the history 
of the beginning of human industry have recorded only the most 
primitive methods for the preparation of implements that were 
used in the chase, the cuitvation of the soil, and for the collec¬ 
tion and preparation of foodstuffs and other useful products. 
Nevertheless it may not be amiss to suppose that the exigencies 
of self-preservation and of wellbeing at an early period caused 
man to utilize fire not only for the preparation of foodstuffs but 
for various other purposes. It may have required long periods 
of time before fire was used for the preservation of perishable 
foodstuffs, for the separation of pleasant substances from dis- 
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agreeable ones: so, e. g., the distillation of the “spirit of wine" 
from the wine itself; the separation of the “subtle principle", 
the aroma, from spices which were among the earliest articles of 
barter and commerce during antiquity; and which as products 
of nature agreeable to the gods, were offered as sacrifices in 
religious ceremonies, and were also used in the embalming of 
the dead. 

It is especially this use of spices and of aromatic plant 
products by the priests, those promoters and supporters of 
natural science during antiquity, that renders it probable that 
their knowledge was early applied to the production, and pre¬ 
paration of the spices which were used in the sacrifices and in 
embalming. Whether a beginning in the preparation of the 
aromatic principles of plants, our modern volatile oils, was made 
previous to early ffindoo and Egyptian civiliration, docs not 
become apparent from the oldest documents. Even the Bible, 
which gives so much information concerning the customs of the 
lews, makes no other statements than those pertaining to the 
spices and aromatics used in various countries. The early 
preparation and utilization of the more common metals would 
indicate that furnaces and other apparatus for heating were 
used in a variety of ways. One may suppose, therefore, that 
they were gradually used in primitive attempts to separate the 
spirit from wine, from other fermented fruit juices and honey; 
also the aromatic principles from spices, balsams and olcoresins. 
These crude experiments may be considered as constituting the 
first stages in the art of distillation. 

The Egyptians, owing to the continuity of their early and 
highly developed civilization and to the preservation of their 
monuments and literary productions, are generally considered 
as standing at the portals of history. With reference to time, 
however, the Chinese and Aryans are probably the oldest peoples. 
These races, with whom civilization seems to have had its 
beginning, lived in central and southern Asia, a mountainous 
district favored with a mild climate and a luxuriant vegetation 
rich in useful and spicy products. Our knowledge of the peoples 
who first occupied this wide territory is but legendary. Con¬ 
cerning their industrial and technical accomplishments but little 
definite information has come down to us. These Chinese and 
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Indians may have developed considerable dexterity in industrial 
pursuits and may even have accomplished much in the scientific 
realm. Their attitude of exclusiveness, however, toward the out¬ 
side world and their secrecy have prevented them from exerting 
a lasting influence on other nations. The oldest documents that 
throw light on their early scientific accomplishments are the 
Ayur-Veda (Book of the Science of Life) by Charaka and Susruta.') 
As is the case with so many writings of early antiquity, nothing 
definite is known with regard to the age of these documents. 
It is possible that they are traditions reduced to writing at a 
rather late time.*) From this work it becomes apparent that 
the Indians were acquainted with primitive apparatus for distil¬ 
lation, with fermentation and the products obtained by distillation. 
Of “distilled oils", those of rose, schoenus (andropogon), and 
calamus arc mentioned.*) Whether these oils are “distilled” in 
the modern sense of this term can not be ascertained. 

From documents of the old Persians it would seem that 
they also were acquainted with the process of distillation and 
hence with distilling apparatus.') 

With regard to the Egyptians, however, whose history goes 
back as far as 4000 B. C., we have definite information con¬ 
cerning the early development of industry, art, and science. 
Their, commerce, which extended as far as India, Babylonia, 


') SiisrutiVs Ayur-redan, id est medicina; systema a venerahiti b'han- 
vantare demonstratum a Su.sruta discipti/o composttum. Nunc primum ex 
Sanacrita in Latinum sermvnem vertit, intmductimem, annotathnes et rerum 
indkem adiecit Dr. Fr. Hessler, Erlanqie 1844. 

The Susruta, or System of medicine, taught by Oham’antari and com¬ 
posed by his disciple Susruta. Published by Sri Madhusiidana-Gupta, Prof, 
fo medicine at the Sanscrit College at CalcutU. Calcutta 1835. 2 Vol. 

'3 Lassen, hdkehe AHertumskunde. 1. ed., vol. 2, 551. 

|. F. Royle, An essay on the antiquity of Hindoo medicine. London 1837. 
Via\\ac\iar\d\^us,\n^et,OasAltertumderindischenMediaiu. Kassel 1839. p.45. 

Allan Webb, The historical relations of ancient Hindoo with Greek me¬ 
dicine. Calcutta 1850. p. 45. 

Zeitschri/t der beutsch. NorgeniSnd. Geaeilsch. .10 (1876), 617 and 81 
(1877), 647. 

*) Su.sruta's Ayur-vedaa. Editio Hessler. Erlangs 1844. p. 111 and 130. 

') Gebri be akhemia libri ties. Argentorati arte et impensa lo. Grie- 
ningeri anno 1539. 

Chr. G. Schmieder, Geschichte der AIcbemie. Halle 1832. p. 34. 
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Syria, Ethiopia and other countries, as well as their industry 
and art undoubtedly developed slowly before it reached that 
height which we now admire. Thus, they were acquainted with 
the preparation of the metals, with furnaces and distilling 
apparatus, with the distillation of wine, and of the oleorcsin 
of cedar;’) with the preparation of soda, alum, vinegar,*) soap, 
leather; also with the preparation and use of colors and the 
manufacture of glass. The Egyptians used cedar (turpentine) 
oil”) and colophonium,') and probably knew how to isolate plant 
aromas as distilled oils. 

The height which ^yptian civilization reached is revealed - 
better by their architectural monuments, mummies found in the 
pyramids, and by the products of artistic workmanship, than by 
the few written documents that have come down to us. Likewise 
in the building of ships and in their commerce with neighboring 
countries the Egyptians accomplished much. 

Like their writings, many of their arts and crafts were lost at 
least in part to the civilized nations succeeding them and had to be 
rediscovered. In judging the relationship between their scientific 
knowledge and their accomplishments in the arts and crafts, it 
should be remembered that the manufacture of metals, of glass, 
and even dyeing were based on a rather crude empiricism and 
seem to have been almost wholly independent of the theoretical 
consideration of the age. Thus, with but little scientific knowledge 
of permanent value, these most ancient peoples, the Hindoos, 
^yptians, Assyrians, Babylonians and Phcenicians, like the 
Chinese, who stand at the dawn of civilization, have in the 

') Aetil nwdici ffrsci Ex veterihus mediewx tetrabiblos. Editio Aldiiu. 
Veneti 1547. lol. 10. 

*) numbers, 6:3. 

’) Herodoti Hislorix II. 85. 

Pedanii Dioscoridis Atiazarbei De materia medica libri quinqae. 
EdiUo Kdhn-Sprenael. Upsim 1829. Ub. I, cap. 34, 39, 80, 95, 97. 

Plinii Secundi Nalaralis hiatorix libri 37. Liber 15, cap. 6 and 7, and 
liber 16, cap. 22. 

Scribonii Largi Compositionesmedicamentorrrm. Editio Schneider, p. 323. 

Tbeophrasti Eresii Opera, qux supersunt omnia. Historia planUmtm. 
Editio Wimmer. Parisii 1866. Liber 9, cap. 3. 

') Pedanii Dioscoridis Anazarbei De materia medica libri qiiinqoe. 
Editio Kuhn-Sprenget Lipsi<e 1829. Vol. I, p. 660 and vol. 2, p. 639. 

CaurjuEisTER, The volatile oils. • 2 
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course of centuries of development accomplished much in a 
practical way. They, and among them the Egyptians more 
particularly, served as the teachers of the classical nations of 
Greece and Rome. 

The scientific knowledge as well as the industrial and artistic 
accomplishments of the Hebrews and the Greeks, and indirectly 
also of the Romans, had their root in Egyptian civilization. 
However, the Greeks, like the Hebrews, tended toward the ideal 
rather than the practical in their conception of Nature. They 
did not experiment and were not bent on applying their scientific 
knowledge. The Greek philo.sophers and writers collected and 
systematized the information that had come down to them and 
thus aided in preserving it, without, however, putting it to 
practical use or adding anything new to it. 

The Greeks, however, were well informed as to the Egyptian 
arts; they understood the preparation and working of the metals, 
the manufacture of glass, and other industrial arts. Their com¬ 
merce, however, was mostly barter in natural products. The 
oriental spices were highly prized by them for incenses, cosmetic 
and sanitary purposes. Whether the primitive method of distil¬ 
lation practiced by the Egyptians and Persians was known to 
the Greeks does not appear from their literature. It is not 
improbable, however, for medicine and the use of cosmetics were 
hardly less thought of by the Greeks than by the Egyptians. 
Owing to the luxury of the later Greeks, perfumes and spices 
were extensively used. The much praised oriental perfumes, 
especially sandal wood (ii Au iVib/i'i) were considered a neces¬ 
sity at all festivities. Hence the Greeks procured the aro¬ 
matics known to them as articles of barter, in later periods, 
however, the procuring of these products like the sea traffic 
generally was left to other peoples. 

At the time when Greek culture spread westward and became 
the basis of Roman civilization. Greek views concerning nature 
and Greek knowledge of it were likewise transmitted. In their 
numerous conquests, the Romans increased their knowledge of 
oriental natural products. These were brought by the old caravan 
routes and then by sea to Rome. Among them were the finest 
spices for the kitchen, perfumes and ointments for the toilet, 
balsams and incenses. Whether only aromatized fats, or distilled 
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oils as well, were used cannot be ascertained definitely from 
Roman literature. That the Romans themselves were adept in 
the preparation of toilet articles seems highly probable. That the 
natural sciences, including the science of drugs, were well cultivated 
is shown by the writings of Dioscoridcs,') Pliny*) and Galen*). 

’) Pedaniiis Dioscorides was the first important writer on the history of 
drugs during the Christian era. Bom in Anazarhus, in the southeastern part 
of Asia minor, during the first century, he traveled in the capacity of a 
physician with the Roman armies through several countries. The Materia 
Medica, written by him in the second half of the first century, was the most 
thorotigh work ot its kind during antiquity, and was regarded as authority 
far into the middle ages. Thus it was used for purpose of comment as late 
as the time of i.uther, as is evidenced by the lectures of Mclanchthon at 
the University of Wittenberg and by the writings of Valerius Cordiis in the 
middle oi the sivteenth century. 

Tlic principal works written by Dioscorides In the second half of the 
first century are the five hooks, of his l)e mafcria mtslica, also his 
A/e\//»A<vrn;af.< cl thvri.tcd (Remedies against plant and animal poisons) 
\»bitb were edited as books 6 and 7. These and other more apocryphal 
writings have been republished frequently ar>d in many languages. Among 
the oldest editions arc the Arabic manuscript in the library at Leyden, which 
possibly was written about the year Q40; a very rare Greek edition printed 
apud Aldum Manutium, Vencti I4<W; also a Latm edition by AJIcmannum 
de Medemhiich, printed m Colte 1504. Of the better translations and com¬ 
mentaries the following may he mentioned: 

Pedanii Dioscoridis Anazarhcnsis Ik materia mcdica lihri quiaqiic. 
)ano Coronario medico physico interprete. Basiliae 1524. 

Valerii Cordi Simesusii Annutationcs in Pedanii Dioscoridis Anazarbei 
iJe materia mcdica Hhw^ quinque, tongc alix qiiam nntea aunt hiec sunt 
cnmlgatic. L/uadem hiaUtria stirpium Hbri quatwtr, ct dc artificiosia extrac- 
tionihua hber etc. Translalio Rucilii. Prancofurti ad Mcenum 1549. Editio 
Gessnerii 1561. 

Pedanii Dioscoridis Anazarbei Ue nicdicinale materia tnedica lihri sex, 
joanno RuelHo Sueaaiunctisi interprete. Acceasenmt priori editiuni Valerii 
Cordi Simesusii Annotalionea docUasimi in Dioscoridis de medica materia 
lihroa Euricii Cordi judicium de berbis et simpUcihus medicinx; ac eorum 
qtix apud medicos cimtrovemintur explicatio. francofurtl 1543. 

Petri Andrew Matthioli Opera qus extant omnia. Commentarii in sex 
fibim Pedacei Dioscoridis de materia medica. Veneti 1554. 

Iliiinymt JitHiyotii^m' AmlmJit'ih rti^H vKti Of: Psdacef 

Dioscoridis Anazarbei Opera quae extant omnia, tx nova interpretatimie. 
fani-Antonii Saraceni, Lugduni Medici, francofurti 1578 und 15%. 

A Latin translation of the libri de materia medica of Dioscorides had 
made its appearance as early as 1478 and a Creek edition appeared at about 
the same time in Cologne. 
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Although the Romans were good observers of natural objects 
nd phenomena, and equally good compilers of the knowledge 
f their own period and of previous periods, they did not, in 
eneral, penetrate into the secrets of nature. Neither did they 
dd much to the stock of knowledge handed down to them, 
he natural sciences and medicine were, therefore, but little 
dvanced by them. 

With the decay of Greek and Roman culture and the long 
ight in the history of civilization that followed, many of the 
arlier achievements in the arts and crafts were lost. At the close 
f that period which we now designate as antiquity, birth was 
iven to a new civilization. Strange as it may seem the Moham- 
ledans were the forerunners of this new period although they 
.re reported to have destroyed the transmitted treasures of art 
nd literature in the belief that the Koran contained all human 
n'sdom. The Arabians themselves, however, contributed but 
ttle to this Mohammedan period of civilization. This had its 
oots in the Alexandrian school, the spirit of which was imparted 
0 the later conglomerate of Mohammedan peoples through the 
iyrians and Persians and their languages, also through the 
jrecks of Asia Minor. This Mohammedan empire, as it were, 
Deluded practically all of the peoples subjugated during the 
ighth and ninth centuries. Westward it extended as far as 
lie gates of Hercules, or Strait of Gibraltar; to the East as 
ar as the sea of darkness, as the Arabs called the Indian 
)cean. They succeeded in converting the subjugated peoples 
0 the Mohammedan religion. In as much as the Koran was 

A more recent edition of the Materia medica of Dioscorides, which was 
sed in connection with this book, is the one edited by Professor Curtins 
iprenjtei. it .appeared in leipziR in 1829 as a part of the Kuebn Collection, 
amely the Medicomm grsKorum Opera i/aa; estant, of which it comstitutes 
olume 25. Of the two parts the first contains the De Materia medica iibri 
'tiinque, the second part Liber de renenis eurumqite precautione et medP 
•amentione (pp. t—3.18) and Commeatarius in Dntscoridem (pp. 340—075). 

*) Plinii Secundi Naturalis Historic iibri XXXVII. RecoRnovit atque 
ndicibus instruxit l.udovlcus |anus. Lipsia; 1859. 

Most of the references to Pliny made in this hook refer to the two- 
oliime-edition of Littre, Paris 1877. 

h Clatidii Gaicni Opera omnia. Editio Kuehn, in twenty volumes, 
.ipsiae 1821 1833. Worthy of special mention amonR these are the l)e 
■Jmplicinm medicamentornm temperaturis et lacuitatibus iibri XI. 
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not only the spiritual but also the legal codex, Arabic language 
and script passed from country to country. Hence it became 
the language, not only of the faithful, but of the intellectual world, 
occupying the position held later by the Latin language during 
the Christian middle age. 

Permeated by the conceptions of the Alexandrian school, 
the Arabs revived the study of the natural sciences in the ninth 
century. Mathematics, astronomy and medicine were rapidly 
developed. With their tendency to faith in the miraculous, 
alchemy and magic developed with the natural sciences and 
played an important role in the theory of transmutation of the 
metals and in medicine. The philosopher’s stone and a universal 
medicine, the faith in which permeated human society for centuries, 
were to banish all misery and disease from this world. 

Above all it was Gcbcr') (Djabir), one of the most influen* 
tial and prominent scholars of his time, who developed this 
theory and established a firm faith in it which lasted for centuries. 
During the period when Bagdad, Bassora and Damascus were 
the principal centres of commerce, no people was more skilled 
and more productive than the Arabians in the arts and trades 
and also in natural .science. Their commercial relations extended 
to almost all known countries, and the use and knowledge of 
Eastern spices and aromatics was greatly fostered by them, as 
was also the practice of medicine. 

With the development of the traditional knowledge, the 
Arabians also fostered the process of distillation in connection 
with the hermetic art*). As early as the fourth century, the 

’) Gebri Summa periecUmis, magisterii. Ex bibliotheca vaticana 
exemplari. Gedani 1bS2. Lib. IV. p. 156—178. — Alchemia: Gebri Arabia 
libri excud. |oh. Petrius rtueremberaensia. Bemat 1545. Lib. 2. cap. 12. ■ 
Torbert Bergmann, be primorgiia etiemiae. Upsala 1779. § 3D and § 4C 
Editio Hebenstreit Lipsia: 1787. 

In addition to the works of Geber originally written in Arabian, a number 
of other works in Greek and Latin were until recently attributed to hint. 
However, M. Berthelot has revealed the apocryphal character of these writings 
(Introduction a I'itude de la chimie des anciens et du moyen-age, Paris 1889, 
also Itevae des deux mondes, September IS. and October t. t893|. Among 
these are the Summa pertectionis magisterii which appears not to have been 
written before the middle of the fourteenth century. 

Hermannus Gtnringius, be hermetica Aegyptiorum vetere et Parse 
celsiorum nova medicina libri duo. Helmstedt 1648. Lib. If, cap. 4. 
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Greek scholars Synesios of Ptoloinais’) andZosimos of Panopolis*) 
had described the distilling apparatus and methods of the Egyptians. 
Aetius of Amida, a physician and writer who lived in Constan¬ 
tinople during the beginning of the sixth century, also described 
the preparation of empyreumatic oils by downward distillation 
(Destilhlio per descensum)% This as well as the upward 
distillation (Destil/atio per ascensuw) are reported by Gcbcr. 
According to Porta’s l)e destiUatione of 1567‘) and other 
writers of the sixteenth century the Arabian physicians and 
alchemists introduced the condensing tube (Serpentina) for the 
better cooling of the distillate, and a kind of fractionation for 
the distillation of wine’’). 

Through the Arabians the medical and alchcmistic know¬ 
ledge of their times, also the mysticism of the hermetic") art 
were transmitted to southwe.stern Europe. They were most 
prominent in the establishment and advancement of the theory 
of the transmutation of the metals, a theory which held sway 
for many centuries; also of the preparation of a quintessence 

Torbert llereinann, Hiatorhi' chvnn,e medium sen nhscnnim ivvum. 
Kdllio Hc*bcnslr«lt. LipsU'1787. Vol. 4. 

Schmlcdcr, ilvschichtc dvr Afdivnuv. Halle 18.Ji. p. 85 ct in% 

') Syncsii IntvUtUts vhymkm<i6 Dioscoridem. In fabiicii liih/M ffnveu. 
Tom. 8. 

■) 'Til quid plura nioramur? Umis Zosimos Panopolites libro ■»»:« 
in>yiitrir yiu loculentc ad oculos nobis sistit anllquonnn ilia vasa 

dcstiUationibu.s accoinmodata; postquani enitn jus.sjs.sct candidalos artis id 
aj»crc Itt ip.sis «ld maniis csset It/iro. .«■//»,/ wiroityuo. ym .lyru 
It. inandassctque ' f' '<■" Itym. u/mi .nt/n. 

I tt.'hiiiti. lilt ,tn, //. ,'//»//;. i,„ mWk tandem, ut clarius sese 

explicit, ipsas vasunini fij'iiras appiii(*it, quarum nonnullas licet nidiori manu 
exaratas c\ bibliotheca regis christi.inis.sinii, et ilia D. Maroi Venetihs, libiiit 
hic In granain curiosormn adiicere." (0. Borrichius, Hermetis Aegyptiorum 
ct dtcmicuniin .sa/Mcn/M, ab Hcnnanni Conringji animndwraionibuH vindkata. 
Hafnia' lb74. pag. I.50.I 

Detailed statements concerning Zosimos' account on disllllation are 
also found in Mofers Mhudre dc /a chimiv. 2. Edit. 1866. Tom. 1. pp, 261—270. 

'*) Aetii Itf iV.fK Ktn'tyit lyyxithyu, Ubrt mvdicinalcs xededin. Editio 
.Mdtna I53T. fol. 10. - See also footnote 4, p. 68. 

*) See p. 44, footnote 7. 

'I Sec the illustration on p. 41. 

") The designation spagyric art. from and came into use 
during the time of Paracelsus, viz. in the first half of the 16. century. 
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from organic nature; and that of the much-sought l^is phUo- 
sophorum. It was through this dogma that entered the medical 
and theosophic realm of the middle ages, and through the search 
for these imaginary phantoms that the Arabians laid the foundation 
for the acquisition, by empirical methods, of practical chemical 
knowledge, of numerous facts and products. These in turn served 
as building stones with which the later chemical structure was 
erected. In the course of the ninth and tenth centuries the 
Arabians also established the universities at Cordova, Seville 
and Toledo. As centers of learning and research, the.se institutions 
were visited by seekers of knowledge from all countries for the 
purpose of studying medicine, magic and necromancy. 

Arabian medicine, and with it the art of distillation and the 
literature thereon, attained their grcatc.st development during the 
period from the eighth to the eleventh centuries. However, but 
little definite information has come down to our own time con¬ 
cerning the numerous writers whose works have been perpetuated 
in their entirety or only in part. As a matter of fact, many of 
the works attributed to them arc apocryphal and the real authors 
arc not known with any degree of certainty. Mot only is there 
a variation of one or more centuries in the dates attributed to 
them, but the opinions of historians concerning them is oftimes 
contradictory. 

The Arabian writings which arc of grcatc.st importance in 
the documentary study of the history of distillation begin with 
the works of Gcbcr about the ninth century. From the twelfth 
century on, the Arabian alchemists devoted themselves exclusively 
to the transmutation of the baser metals to the nobler ones, to 
the .search for the /a/ws philosophorum. 

It was during this earlier period of almost four centuries, 
devoted largely to medical research, that the Arabians acquired 
considerable skill in the art of distillation and the preparation 
of distilled waters, of several oils and of alcohol, a skill that 
was later lost in large part. Medical and alchemistic literature 
reveal this knowledge of distillation, distilling apparatus and 
distillates. 

Since the time of the Egyptians it was Geber, whose frag¬ 
mentary writings reveal for the first time a fair knowledge of 
distillation, both of the dry distillation and of the distillation 
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with water. He used apparatus made from glass, also from 
glazed earthenware. Next to Geber, Mesue the younger was 
probably the earliest of the more important medical writers. 
He lived somewhere between the eighth and tenth centuries. 
It is not improbable that there were several authors bearing this 
name, also that other writers published their works under this 
famous author’s name, and that in later periods an exchange 
of names and writings may have taken place. 

The most important work of Mesue is his Antidotarium 
seu Grabaddin mcdicamentorum compositoivm libri XII. For 
many centuries it was a medical authority. In the twelfth chap¬ 
ter, De oleis‘) the method of preparation of oils is described. 
Most of these are aromatized fatty oils. However, the oils from 
juniper wood and bitumen are directed to be prepared by dry 
distillation which process is described in detail. According to 
Bergmann, Mesue is supposed also to have known distilled oil 
of rose and amber oil.-). 

Other medical authors of this period reveal a knowledge of 
distilled waters and oils and their uses. Thus Ibn Khaldun”), 
who lived during the ninth century, mentions that distilled rose 
water was an important article of Persian commerce during the 
eighth and ninth centuries. Nonus Thoophanes,') who during 
the tenth century was physician to emperor Michael VIII in 
Constantinople, recommended rosewater as a medicinal agent. 
The Syrian physician Scrapion (janus Damascenus) who lived 
in the ninth century, also Avenzoar'') who lived about a cen- 

') Editio Veneti ia02. fol. 80. 

*) “Mestic medicamentorum pturimorum mvenlione mannam famam et 
nomen evanRellstx phann.’icopolaniin conscculiis est; diirantque hodie nunc 
in officinis nostris cotnpositione,s nonnulla*, qua.' ilte primus descripsit.*' — 
"Mesue aquam destiliatam rosarum, oieum ev succino et lateribus tamquam 
veteribus nola memorat". (Torberl Bergmann, Hiatorix chemia; medium seu 
obscurum xvum. Editio Hebenstreit. Eipsiat 1787. p. 7). 

O Notices et extraits des manuscripts dc la bibththique impiriale k 
Paris 1862. Tom. 10, p. 364. 

') Nonus Titeophanes, Prxtalio ad Synesii be lebribiis. Editio Bernard!. 
AmstelodamI 1740. Cap. 28, p. 112. 

Liber Theizir Dabaimodana Vahaltadabir Prommium Averrhoi Cordu- 
bensis ab jacobo Hebrato. Anno I28t. Colliget Veneti 1553. Liber 7. 
fol. I. Lib. 5. cap. 0. fol. 44. 
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tury later and who was physician to the Caliph Cbn Attafin 
of Mororco, used rose water as an eye-remedy and rose oil 
sugar as an internal remedy. In the medical writings of Atm 
Dschafar Achmcd, an Arabian physician of the eleventh century, 
which were translated into Greek by Synesius of Constantinople, 
rose water, rose oil and camphor are mentioned among the 
current remedies.') 

While Geber was the first, and also the most important 
Arabian writer who was acquainted with distillation, the writings 
of Albucasis, who lived three eenturies later, reveal such an 
exact knowledge of the subject, that the assumption seems 
justified that distillation was largely practiced by the Arabians. 
The Liber servitoris*) of Albucasis contains a very clear de¬ 
scription of the process of distillation which Torbert Bergmann, the 

') Synesius, l)c febribits. Cditio Bernardi. Amstelodami 1744. p. 58 
and 240, 

A number of the works of the Arabian physicians and alchemists of 
this period have been prc,served in a collective edition published in Venice 
in 1,501. In addition to the principal work of Mesiic and the Anlidoturiam 
of Nicolas and commentaries on the same, this folio contains several 
works of contemporaries. The titles of the individual works are herewith 
given: — 

“Uni loannis Mesue Liber de consolatione medicinariim aimpUdum 
ef coritctiimc operalioiiem xrum canones universales: cum exposilione 
predarisstmi rnedid msgistri Bondini de lentils fdiciter incipiunt." (lol. 
2 - 31 .) 

"Addiliaaes Petri Apponi medici clarissimi, ct Francisci de Pede- 
montium." (fol. ,T1”40.) 

"loannis Nazareni filii Mesue Grabaddiu medidnarum particuLarium 
incipil." (fol. 4I-2«i.) 

“Antiddarium Nicolai cum txpos/tiouibus, ct glossix clarissimi magisiri 
Platearii." (lol. 267—243.) 

“Expoaith /anis de Santo Amando supra antidotarii Nicolai indpit 
Midler:’ (lol. 244 330.) 

“Tractatiis de syrmnymia guid pro quo." (lol. 331—334.) 

“Liber Servitoris sea iibri XXVIII Bulchasin Ben-aberazerin; transiatus 
a Simone januensi: iuterprete Abraamo ludeo Tortuoslensi." (fol, 334—345.) 

"Uni Saladini de escaio Servitati prindpix Tarenti physici principalis 
compeudii aromatiorum opus Miciter indpit" (fol. 346—354.) 

Qure omnia supradicta bic finem babent ad iaudem del Veneti impressa 
anno Domini 1502, die 23. |unii. 

The oldest individual editions ol some of these treatises date back as 
lar as 1471, hence to the invention of the printing press. 
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Swedish chemical historian, regards as one of the first and 
best.*) 

The distillation of water, of acetic acid, and of alcohol 
is described in the following words in the writings of Albu- 
casis.“) 

“Modus faciendi aquam rosatam. Operatic cjus cst secundum qtiatuor 
modos ... Sed modum operationis ejus, qua; fit cum aqua et intre iigno- 
rnm, ego monstrabo secundum formam, quani faciunt reges Abarach. Et hie 
cst modus cjus. facias bcrchile parvum in domo ampla, cujus fundus et 
latera sint ex plumbo, adeo discreta simul solidata, ut aqua non possit egredi 
ab eo: et facias tibi coopertorium ex vitro cum sagacitate, vel ex terra 
vitreata. et in eo forma secundum formam vasorum destillationis, vcl secun¬ 
dum quantitatem magnitudinis hercliilis, vel parvitatem ejus, secundum volun- 
tatem tuam faciendi inultam, vcl paiicam aquam rosatam. Deinde pone ollam 
magnam ex arc vei cachabum post parictem, juxta quain posuisti berchile 
secundum formam olla: balnei, et construe earn super fiirnum, et berchile sit 
constitntum sttper fumum, inferius ab otia, ita quod applicet do calore ignis 
hcrchiiis ad ollam. ft tacias camiium cum foraminthtis, per quo: possit 
ftimiis extra domum egredi, it.i quod fuinus lotus e domo egrediatur, et non 
noceat aqua* rosau*. Deinde implc ollam ex aqua, qua; sit in piitco facto 
juxta ollam, siciit est puteus balnei, et accende ignem sub ea, qiiousque 
bulliut aqua bene. Deinde dimittc vemire aquam per canale, quod fccisti per 
discretionem ad berchile, deinde pone aliain aquam frigidani in ollam ex 
piiteo, siciit in olia halnei sit et constittte in berchile canalc, per quod egre- 
pone cucurbitas sivc ventres, et sunt vas,i dcstlilatoria in foraminihus bcrchilis; 
et stringe cum panno lini discrete, ita quod bene sedeant in foraminihus suis, 
el vapor aqii.v non egrediatur extra. Similiter, et capita corum stringes cum 
panno lini ... Et operatio ejus qua- sit in terra nostra est servior et brevier, 
qiiam ilia, quam dtxi. Et est, quod accipias ollam c\ are sicut est ilia 
tinciorum, ct pone post parielcm, et pone super earn coopertorliun discrete 
fatiiim, cum lorannnibus in qiiihus ventres ponuntur, ct pone in co ventres 
cum sagacitate, et postea implc ollam aqua .... Operatio ejus sine aqua 
et cum igne carbomim est, quod facias fumum quadrum, aiit rotundum, et 
habcat coopertorium siipenus, super quod stahunt ventres ex terra vitreata, 
ut possint sustincre igncni, ct quando accendentur carbones, et incipiet aqua 
rosata destillarc, claude os furni, et dhnitte foramina aperta, per qua; 
fumus cgrediatui." 

'j “Describuntur in hoc libro prteter alia, destillationis modus triplex, 
aqua', aceti et vini destlllatio, alembici et cucurbila; quatuor generum, vitrei, 
fictiles vitro incrustatl, phimbei et aTci coinmemorantur." — Torbert Berg- 
mann, Histonx chemU' medium seu obscunim aevim. Editio Hebenstreit. 
I.ipsi,x' 1787. 

'> liber Sen itoris sen iihri KWW) bukhmn Ben*aberazerin: transktus 
a Simone fanuenst: interprete Abraamo |udeo Tortuosiensi U71. — Editio 
Veneti 1502. fol. 339b. 341b und 34^ 
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‘‘Modus alius cui vult destillare paucam aquam. Accipe oilam ex sre, 
et imple earn aqua, et pone super ianem ignem, et pond super os ejus cooper* 
toriuRi perforatum foraminibus duobus vel tribus vel piuribus aut paucloribus 
ventribus, secundum quod poterit capere coopertorlum ollx, et sint ventres 
ex vitro .. 

“Modus albificandi acetum .. . Construe athanor simile illi, in quo 
destillatur aqua rosacea, at superpone ci vas destillatoriuin ex vitro, vel ex 
terra vitreata et imple tres partes ex aceto bono, et quarta pars vasis superiiis 
sit vacua, ne cum ebullient acetum, cffundatiir extra; dcinde operi vas cum 
vase aliquo superius, sicut novisti habente nasum, sicut sit in aqua rosacea; 
et fac ignem Icvem non fortem, nam si esset fortis, non fieret acetum album 
tantaf alhedinis, ct est necesse, iit acetum, quod distillaUir, sit ex tivis albis, 
clarum, ct acre, in fine acrudinis, quia tunc distillatiir album et pitnim." 

“Secundum hanc disciplinain potest destillari vintim, quod vult ipsum 
destillare.'' 

During the period from the eighth to the twelfth centuries 
medicine and materia medica were greatly advanced by the 
Arabian scientists. The method of preparation of medicaments 
by subjecting vegetable and animal substances to distillation was 
in common vogue at this time. Hence the art of distillation 
was one of the principal mctliods of technique described in 
medical as well as in alchcmistic treatises. It is not likely, 
therefore, that the separation of oils from the distillates of plants 
and plant products rich in oil, should have escaped the observa¬ 
tion of the eager experimenter. Inasmuch, however, as the 
distilled waters were regarded as tlic bearers of the "subtle" 
ingredients of the drugs, any oil separating from the aqueous 
distillate may have been regarded as a more gross product and 
lienee may have received but little attention. Moreover, little 
was known concerning the cliaracter of oils, whether fatty or 
aromatic, So much is cert.iin, that the literature of the period 
reveals the fact that but few volatile oils found application. 

|■■rom tlie cicventli century on, the desire for gain and the 
search lor the hpis philosophorum, i. e. the conversion of the 
baser metals into nobler ones predominated more and more. 
Hence Arabic science went astray and pursued the illusory 
speculations of the hermetic art. After the middle of the 
12. century there do not appear to have been any great Arabian 
physicians and scientists. With the conquest of Bagdad by 
the Mongols in 1258, Arabic dominance ceased and with it its 
spiritual leadership. For a time Arabian culture lingered in 
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Swedish chemical historian, regards as one of the first and 
best.*) 

The distillation of water, of acetic acid, and of alcohol 
is described in the following words in the writings of Albu- 
casis.“) 

“Modus faciendi aquam rosatam. Operatic cjus cst secundum qtiatuor 
modos ... Sed modum operationis ejus, qua; fit cum aqua et intre iigno- 
rnm, ego monstrabo secundum formam, quani faciunt reges Abarach. Et hie 
cst modus cjus. facias bcrchile parvum in domo ampla, cujus fundus et 
latera sint ex plumbo, adeo discreta simul solidata, ut aqua non possit egredi 
ab eo: et facias tibi coopertorium ex vitro cum sagacitate, vel ex terra 
vitreata. et in eo forma secundum formam vasorum destillationis, vcl secun¬ 
dum quantitatem magnitudinis hercliilis, vel parvitatem ejus, secundum volun- 
tatem tuam faciendi inultam, vcl paiicam aquam rosatam. Deinde pone ollam 
magnam ex arc vei cachabum post parictem, juxta quain posuisti berchile 
secundum formam olla: balnei, et construe earn super fiirnum, et berchile sit 
constitntum sttper fumum, inferius ab otia, ita quod applicet do calore ignis 
hcrchiiis ad ollam. ft tacias camiium cum foraminthtis, per quo: possit 
ftimiis extra domum egredi, it.i quod fuinus lotus e domo egrediatur, et non 
noceat aqua* rosau*. Deinde implc ollam ex aqua, qua; sit in piitco facto 
juxta ollam, siciit est puteus balnei, et accende ignem sub ea, qiiousque 
bulliut aqua bene. Deinde dimittc vemire aquam per canale, quod fccisti per 
discretionem ad berchile, deinde pone aliain aquam frigidani in ollam ex 
piiteo, siciit in olia halnei sit et constittte in berchile canalc, per quod egre- 
pone cucurbitas sivc ventres, et sunt vas,i dcstlilatoria in foraminihus bcrchilis; 
et stringe cum panno lini discrete, ita quod bene sedeant in foraminihus suis, 
el vapor aqii.v non egrediatur extra. Similiter, et capita corum stringes cum 
panno lini ... Et operatio ejus qua- sit in terra nostra est servior et brevier, 
qiiam ilia, quam dtxi. Et est, quod accipias ollam c\ are sicut est ilia 
tinciorum, ct pone post parielcm, et pone super earn coopertorliun discrete 
fatiiim, cum lorannnibus in qiiihus ventres ponuntur, ct pone in co ventres 
cum sagacitate, et postea implc ollam aqua .... Operatio ejus sine aqua 
et cum igne carbomim est, quod facias fumum quadrum, aiit rotundum, et 
habcat coopertorium siipenus, super quod stahunt ventres ex terra vitreata, 
ut possint sustincre igncni, ct quando accendentur carbones, et incipiet aqua 
rosata destillarc, claude os furni, et dhnitte foramina aperta, per qua; 
fumus cgrediatui." 

'j “Describuntur in hoc libro prteter alia, destillationis modus triplex, 
aqua', aceti et vini destlllatio, alembici et cucurbila; quatuor generum, vitrei, 
fictiles vitro incrustatl, phimbei et aTci coinmemorantur." — Torbert Berg- 
mann, Histonx chemU' medium seu obscunim aevim. Editio Hebenstreit. 
I.ipsi,x' 1787. 

'> liber Sen itoris sen iihri KWW) bukhmn Ben*aberazerin: transktus 
a Simone fanuenst: interprete Abraamo |udeo Tortuosiensi U71. — Editio 
Veneti 1502. fol. 339b. 341b und 34^ 
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pharmacy shared as well as chemistry. However, this phase 
in the process of the evolution was a very gradual one, accom¬ 
panied by ups and downs in the course of four centuries. 

As has already been pointed out (p. 17) the distillation of 
wine was probably known to the Indians and Egyptians. The 
oldest, definite, documentary evidence, however, is to be found 
in the Liber ignium ad comburendos hastes, an apocryphal 
treatise of the eighth century attributed to a mythical author, 
viz. Marcus Grjecus. The directions lor making a “water that 
will burn” arc as follows: “Take black wine, add finely powdered 
sulphur, tartar and common salt and place all into a distilling 
vessel. Upon distillation you will obtain a water that will burn”. 
The texts of this trcati,sc found in the library at Paris and in 
the University Library at Munich contain the following additional 
statement. “The peculiar property of this burning water can be 
demonstrated in the following manner; Dip a strip of linen into 
this water. When you ignite it a large flame will result. If you 
moisten a finger with this water and approach the fire with it, 
the finger will burn like a candle without being injured." 

In the same treatise Marcus Grmeus also describes the 
distillation of turpentine oil from turpentine in an alembic.') 
Supposing it to closely resemble the spirit of wine, he likewise 
designates it as agii.i ardens. The synonymous designation 
ot both distillates was maintained for a long time. A distinct 
difference between the two was possibly not recognized before 
the beginning of the seventeenth century. The designation 
“Spiritus" lerpentini, however, is still in use at the present time. 

Further mention of the distillation of the spirit of wine is 
found in treatise of the twelfth century. One of these references, 
viz. the one found in the “Key to Dyeing” may here be mentioned. 
The treatise itself is a collection of technical formute, in part 
of Greek, in part of Roman origin, with .Arabic addenda. The 
reference pertaining to spirit of wine reads as follows: “When 
strong wine is heated with salt in a suitable vessel, a combust¬ 
ible water results, which burns without destroying the substance 
on which it burns.” 

') ‘Recipe terebinthinam et destilla per alembicum aquam ardentem quam 
impones in vino cut applicatur candela et ardebit ipsa." (E libm ignium 
ad comburendos bastes.) 
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With the downfall of Arabian civilization, the art of distil¬ 
lation as prach'ccd by the Arabians appears largely to have been 
restricted to the distillation of alcohol. The better kinds of 
distilling apparatus that had been made by the Arabians, the 
cooling vat and the spiral tube (serpentina) which had been 
introduced by them, had been preserved and were revived for 
the production of the spirit of the wine, the “burnt" water. 

Among the “burnt" waters it was the “spirit of wine” which 
was early appreciated because of its animating effect. Being 
regarded as representing the highest potency of the wine, it 
found ready application in medicine. Thus the Cardinal Vitalis 
dc Purno of Ba.scl, and Itishop of Albano, in the beginning of 
the fourteenth century declared that spirit of wine was a pana¬ 
cea. ') Bishop Albcrtus Magnus of Regensburg (Albert von Boll- 
staedt, born 1193, died 1280) occupied himself with the distil¬ 
lation of wine, which process he described carefully in his 
writings. It was possibly Arnoldus Villanovus (Arnold de Bachuonc, 
born I2 Xj, died 1312) who first introduced the Arabic term 
“alcohol" into German nomenclature. In his treati.se Oe con- 
ser\'anJ:i juventute he describes its preparation in the following 
words; “Burnt water also known as aqua vit.v, is obtained by 
the distillation of wine or wine yeast. It is the subtlest portion 
of the wine. Some say that it is “the everlasting water”, also 
that, because of its sublime method of preparation, it is the 
"gold water" of the alchemists. Its advantages are well known. 
It cures many diseases, prolongs life and hence deserves to be 
known as aqua vilier)” 

With the di,stillalion of turpentine oil") and rosemary oil,*) 
Villanovus was well acquainted. His oleum mirabUe consisted 
e.sscntially of an alcoholic solution of rosemary and turpentine 
oils. Tills mixture was sold by him or his disciples as an ex¬ 
ternal remedy and later, with the omission of the turpentine oil, 
as a perfume. Under the designation "Hungarian water" it 
remained for centuries a much used specialty. 

') Vitalis dc Fumo, Pro cimervanda sanitate liber utilissimus. Editio 
Man|!el. Geneva 1531. Op. 2, p. 12. 

■) Arnold! Viltanovi Opera omnia. Vencti 1505. Liber de vinis. p. 558. 

■') Arnoldi Villanovi Hreviarium practicre, protemitim in open's omnibus 
ewn N. Taurelli in (piosdam libros annotationibns. Basiliar 1587, p. 1055. 

‘1 Arnoldi Viltanovi Opera omrrra. Venetil505. Liber de vinis. p. 589—500. 
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Raymundus Lullus (born 1234, died 1315) the most famous 
of the disciples of Villanovus, in the second half of the thir¬ 
teenth century, described the distillation of the aqua vil,v ardens 
from wine and its refining, in order to obtain a liquid which 
would burn without leaving a moist residue, this rectification 
had to be repealed four times with the addition of burnt potash 
as dehydrating agent'). Of the alcohol he says: “Esi comotatio 
ultima corporis humani%" 

According to the alchemistic nomenclature of that period, 
the spirit of wine repeatedly rectified was designated as tier- 
curium vegelabile. Argentum vivum vegetabilc ;md Cceium 
philosophorum‘). It was regarded as possessing certain powers 
in the transmutation of the elements and as representing a first 
step in the preparation of the lapis philosophorum and the 
magistcrium magnum '). 

That ‘'hurnt wine” was a common article of commerce as 
early as the middle of the fourteenth century, also a beverage 
subject to abuse, becomes apparent from a collection of municipal 
ordinances of 1360 of the city of Frankfurt on the Main"). The 
municipal council of Muernberg, in the year 14%, prohibited the 
sale of “gebranndt wcyncs" on Sundays and holidays”). In 
other German cities similar ordinances were issued: e. g. in 
Hessia in 1523, viz. under the Margrave Philipp"), in Frank- 

“Accipc vinuni rubrum vcl album, ct sit dc mcliorc quod potcrit 
reperiri, vet saltern capias viniim, quod non sit acetosum quo vis modo, 
neque panim, neque minimum, et destilla aquam ardentem, sicut consuelum 
cst pel cannas brachiales a:ris et postca rcctificata illam qtiatcr ad majorem 
rectificationeni." (Raimundl Lulli fittjoricso, PbUmopbi acutmimi, dc sccretis 
nutiirx vire Qtiintu exscntin Hbri dm. Anno IWl.) 

Raymundi Lulli Jestumcnfum novmimum. In Manjiets bibliotheca 
cbcmica curiosn. Basili'or 1572. Vol. 11, p. 792. 

') Cuonymi Rnliafri Kosthdrer tbeurer Schatz. Vol. 1, p. 99. 

') Kaimundi Lulli Testamentum novissimum. In Manijets Bibliotheca 
cbemica curma, Basilia; 1572. Vol. 1, p. 792 and 808, 

'^) Henrici Christian! Senckenberg Sclecta juris et bistorianim. Franco* 
furti 1734. Tom. 1. p. 44. 

"11. Baadcr, Numherger PoUzeiordmmgcn aua dem Ul. bis 15. Jahr- 
hundert. p. 2t4. 

•) )oh. Beckmann, Bedrige zur Qescbicbtc dcr Crfindangen. Leipiiit 
1786-1795. 
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furt a. M. in 1382 also in 1605'); likewise in Spain'). Indeed 
the production of whiskey from cereals was regarded as an act 
displaying want of piety. Moreover, the adulteration of brandy 
with whiskey was punishable'). On the other hand, brandy was 
introduced into Sweden in 1565, in the reign of Erich XIV, as 
an antidote against the plague'). 

About the middle of the sixteenth century a distinction was 
made in German apothecary shops between the stronger Spiritus 
vini rectUicatissimus and the weaker Spiritus vini rectificatus 
simplex, also between both and brandy (aqua ardens)'-). During 
the second half of the sixteenth century Italy, more particularly 
Modena and Venice, appear to have supplied the more northern 
countries with spirit of wine"). 

The familiarity with which spirit of wine was used as early 
as the first half of the sixteenth century, becomes apparent 
from the “Cwlum philosophorum”% by Philipp Ulstad, professor 
of medicine in Muemberg. It was used for the preservation of 
meat, for the improvement of stale wine, for the extraction of 
spices and other parts of plants, hence for the preparation and 
utilization of alcoholic solutions of volatile oils, aromatic resins, 
and balsams. 

Krom the thirteenth century on distilled aromatic waters 
were used more extensively as medicaments. The separation 

’) |oh. F. Gmelin^ GescA/eWe rfer Oe/n/e. Gdttingen 1797. vol. 1,p. 360. 

'0 Christophoro a Vega, Dv arte medendi. Lugduni 1564. Pars 2. 
ap. 2, p. 237. 

’) )oh. Beckmann, BeitrSge zur Geschichte der Ertindungen. Leipzig 
1786 1795. 

*) P. ). Bergius, Ta! om Stockholm fOr at sedan och Stockholm nu 
fdrtidcn. p. 100—101. B. Bergitis, Tal om IMkerheter. T. 1, p. 32—33. 

)oh. Beckmann, BeitrSge zur Geschichte der Erfindangen. Leipzig 
1786-1795. 

') Mohsen, Geschichte der Wissenschaften. 1810. p. 488—4^. 

Alex. Tassoni Pensieri diversi. Venezia 1676. pp. 317 and 352. 

A. Baccius, be natarali vinorum historia et vinis Italix et conviviis 
antiquonm. I. vil. acc. dc facticiis vinis et cerevisiis, de omni vinorum usu. 
Roma 1596 and 1598. 

'1 Riilippi Uistadii Cwlum phiiosophorum. sea liber de secretis naturx, 
id est, quoniodo cx rebus omnibus quinta essentia paretur. Argentorati 
1528 et 1562 - Augusta; Trebocorum 1530 — Ligduni 1540 and 1553 — 
Parisii 1543 - Francofurti 1600. 
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of oils both at the surface and beneath the aqueous distillate 
was observed, but apparently received but little attention. Owing 
to the practice of using alcohol in the preparation of many of 
these aromatic waters, the oil must frequently have remained 
in solution wholly or in part. Thus, e. g. the plants or plant 
products to be distilled were moistened with wine or tqua vitx 
before distillation; or, steeped in water, they were first allowed 
to undergo fermentation. Moreover, both alcohol and volatile 
oil were lost, in part at least, by submitting the plant products 
to a process known as circulation, a preliminary operation con¬ 
sisting of more or less prolonged digestion. In this manner 
inferior distilled or burnt waters were obtained. 

Nevertheless, several of the more important experimenters 
and writers of that period knew and described volatile oils. In 
addition to the oils of turpentine and rosemary already mentioned, 
Arnoldus Villanovus') and Raymundus Lullus’) describe the 
distillation of oil of sage; Sancto Amando') that of bitter almond 
oil, oil of rue and oil of cinnamon; Saladinus of Aesculo') that 
of oil of rose and oil of sandalwood. The writings of their 
contemporaries also reveal a knowledge of these and other distilled 
oils without, however, making mention of their use in medicine 
or the arts. 

The epoch-making inventions and discoveries of the fourteenth 
and fifteenth centuries wrought great changes in the natural 
sciences and their application. The discovery of the new world, 
made possible by the rediscovery of the compass, and the circum¬ 
navigation of Africa to the Cast Indies widened the horizon of 
the people. The period of the Renaissance and the Reformation 
assisted in doing away with the blind faith in authority, not only 

') Amoidi ViiUnovi Opera omnia. Veneti 1505. Liber de vinis. tol. 
589-590. 

-) Raimundi LuIH Experimenta nova. In Mangel's Bibliotheca chemica 
curio&a. Geneva 1702. Vol. 5, fol. 829. 

*) Expositio loannis de Sancto Amando Supra Antkl<^arium ilicolai 
incipit feliciter. In the same edition with the works of Mesue. Veneti 1502. 
fol. 228 and Additiones fol. 85, 86, 87. 

*) Compendium aromatiorum Saladini, principis Tarenti dignissiml, medici 
diligentis, correctum et emendatum. Bonona; 1488. Editio Veneti 147t, 1488 
and 1502. fol. 349b. 

CiLnrMFism, The voiatiu oiih. 
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in theology but in the natural sciences as well, more particularly 
in medicine and alchemy. The founding of universities to the 
nord of the Alps during the fourteenth and fifteenth centuries, 
and the invention of printing with type toward the close of the 
fifteenth century, which followed wood engraving invented in the 
previous century, assisted largely in revealing anew the literary 
treasures of the past. 

Up to this time all treatises had to be multiplied in manuscript 
form. Presumably, therefore, many discoveries were known only 
to small circles and by no means to all scicnb'sts and investi¬ 
gators. No doubt, much disconnected work was done by some 
that was long known to others. As a result, the first discovery 
e. g. of a process or product, has never been traced. Moreover, 
as a result of tradition from one generation to another, from 
one country to another, much was lost') even though recorded 
In manuscripts. Or, if inadequately recorded, it was not under¬ 
stood. Furthermore, it was the practice among alchemists, to 
use an allegorical language for the purpose of surrounding their 
treatises with a mysticism suited to their spagyric art and science. 
Hence these treatises were comprehensible only to the initiated. 
There was still another reason why the seeking for the lapis 
philosophorum was surrounded by a mystic language. It was 
done partly to cover up the alchemist’s own uncertainties, partly 
to render it more difficult for others to find the much coveted 
solution to the secret. At the same time each adept, experimenting 
in his own secluded laboratory, supposed that the others already 
possessed the secret. 

It was with the gradual introduction of printed books during 
the beginning of the .sixteenth century, that the treatises of the 
past became more and more the common property of those 
versed in science and reading. Up to this time, and even in 
later times, much that had been known to and practiced by 
individuals, was lost and had to be rediscovered. 

This is true of the methods of distillation and of the apparatus 
used. Thus the apocryphal treatises of antiquity seem to show 
that the early method of primitive distillation was discovered by 
peoples widely separated both as to locality and time. Frequently 


') Compare c. g. Ihc quotation from Adam Lonicer on p. 49. 
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there is no record of the direct transmittance of the art from 
one people to another. Wherever such transmittance may have 
taken place, it appears to have led less to a technical accomplish¬ 
ment than to a general stimulus. 

In the history of special peoples, cultural stages arc found, 
in the evolution of their trades as well as in their literary pro¬ 
ductions, which arc fundamentally related both to their material 
development and their political changes. Hence, the former can 
be fully understood only when considered in connection with 
the latter. Material and national welfare appear in history as 
a rule contemporaneously with intellectual and industrial 
achievement. 

As to the discovery of natural products, the knowledge and 
separation of their components, and the utilization of these dis¬ 
coveries in materia mcdica and medicine, a new epoch was in¬ 
augurated, at the time of the reformation, by Paracelsus and 
others. With it the practice of the art of distillation was again 
conducted into proper channels. Thus it was made serviceable 
to materia medica and later to the trades. As a result there 
were produced in the course of time, an ever increasing 
number of important products. In addition to the production 
of alcohol, there should be mentioned the distilled aromatic 
waters which were highly prized and used in medicine for 
nearly three centuries. These were followed later by the distil¬ 
led oils. 

In the course of the twelfth and thirteenth centuries the 
art of destination, which had been developed first by the Egyptians 
and later by the Arabians, was practiced but little.') Hence, the 
methods and apparatus had been forgotten and had to be redis¬ 
covered. This reintroduction and rediscovery was furthered 
toward the end of the thirteenth and the beginning of the four¬ 
teenth centuries by the principal alchemists and physicians of 
that period, viz. by the Cardinal Vitalis de Furno of Basel (died 
1327), the Bolognese teacher Thaddeus (Taddeo Alderotti, born 
1215, died 1303), Arnoldus Villanovus (Arnold dc Bachuone of 
Villeneuve or Villanova, born 1235, died 1312) and Raymondus 
Lullus (born 1235, died 1315). With this period, the distilling 


') Compare pp. 17, 24 and 26. 
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apparatus again found their way into the work shops of 
physicians and alchemists, became increasingly important and 
were accordingly improved. As the art of pharmacy was separated 
more and more from that of medicine, and as apothecary shops 
were established in larger numbers, the art of distillation gained 
admission to the laboratories attached to these shops. Carefully 
nursed, the art of distillation here developed into an important 
industry viz. that of the production of volatile oils. 

As a result, the progress made by the art of distillation 
henceforth is primarily to be sought in the literature on materia 
medica, as this had already been the case in the earlier Arabian 
medical treatises, viz. the antidotaries, e. g. the Grabaddin and 
other treatises. With the printing of books the number of 
medical treatises increased. Although they afford information 
concerning the time of introduction of drugs and distilled waters, 
and hence are of permanent interest to the student of materia 
medica, they arc less satisfactory as sources of information con¬ 
cerning the production and introduction of distilled oils. Neverthe¬ 
less, even for this purpose they constitute almost the only avail¬ 
able literary sources. 

The numerous works that came under consideration may 
be classed into three groups of equal importance: the anti¬ 
dotaries and the later dispensatories; the treatises on distillation 
which occupied a prominent position from the close of the fif¬ 
teenth century to the close of the sixteenth century; and the 
price ordinances of various cities for spices and drugs which 
had come into use about the same time. 

As already pointed out, the term “distilled” oils should not 
necessarily be interpreted in the same sense as we use it to-day 
The ancients had already known how to obtain fragrant oils by 
boiling seeds, fruits and other parts of plants with water also 
by cold and warm expression. These were used in the pre¬ 
paration of aromatic oils and ointments. However, all exact 
knowledge concerning the nature of these oils was wanting. 
Up to the seventeenth century this was equally true of the oils, 
obtained in all probability by the process of distillation, by the 
Indians, the Egyptians and later peoples. Neither was there 
any clear conception as to the distinction between fatty, ex¬ 
pressed oils and distilled, aromatic oils. 
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Far into the middle ages, the designation “distillation” was 
used as a collective term for the preparation, according to the 
rules of the art, of plant and animal extracts and their supposed 
refinement. For this process of rectification, various methods 
and sources of heat also diverse utensils were used. The general 
term included such processes as maceration, digestion, straining, 
filtration, expression and sometimes even the processes of fermen¬ 
tation and decay.') With the exception of turpentine or cedar 
oil those products mentioned in older literature as oils, or even 
as distilled oils, are to be regarded as fatty oils which have 
been aromatized and which were used for medicinal purposes 
and as unguents. 

Whether the oils of rose, andropogon, and calamus, mentioned 
in the Ayur-Veda as distilled oils, were such in the modern 
scn.se of the term, can not be decided. The same doubt exists 
as to the oils of spike, rosemary and .sage, as well as of other 
oils of later writers. As has already been pointed out, the art 
of distillation, known at an early period, may have fallen into 
disuse and have been forgotten. 

Although, in all probability, the Indians, the Babylonians, 
and especially the Egyptians were acquainted with the art of 
distillation, al.so with volatile oils, a sharp distinction between 
true distilled oils and aromatized fatty oils docs not .seem to 
have existed at the beginning of the Christian era. The latter 
were used principally for tire purposes of cleanliness and well¬ 
being, also in religious rites, such as anointing and embalming. 
Hence the simpler process of aromatizing fatty oils may have 
been preferred by the priests. In accordance with this a.ssumption 
are the directions for the preparation of rose oil, a supposedly 
“distilled oil" by Dioscoridcs,-) copied by Pliny") during the 
first century. 

') Compare p. 33. 

*) Petri Andres Matthioli Opera qiiee extant omnia: hoc est Cam- 
mentarii in sex iihris Pedacei Dioscoridis Anazarbei dr materia medics. 
Post diversarum editionnm coiiationem intinitis iocis ancti. De ratione 
destillandi aquas ex omnibus plantis; et quomodo genuini adores in 
ipsis aquis conservari possint. Veneti 1544 — Basilis 1505. Uber I, 
cap. 53. 

*) Plini! Secundi Naturalis historic tibri. Liber XIII, cap. 2, 
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“Five and one-hatf pounds of bruised funcu$ odoratus (probably Andro- 
pogon Schccaanthus, L.) arc boiled with 201,‘2 pounds of oil with constant 
stirring. Into the strained liquid the floral leaves of 1000 roses free from 
moisture are pressed with hands that have been anointed with fragrant honey. 
After standing over night the oil is expressed. After all impurities have 
subsided the oil is decanted into another vessel and the expressed rose petals 
are treated with a second quantity of 81 2 pounds of fresh oil. After standing 
for a day the oil is again expressed. This is the Ofeum secundariunt. If 
a third and fourth maceration are to be made, oil is again poured on the 
roses and as often expressed. Thus the Unguentum primarium, secundarium, 
tcriiarium and quartarinm are prepared. 

The vessel, however, must each time be covered with a film of honey. 
If the maceration is to be repeated a second time, a like quantity of fre.sh 
rose petals free from moisture is immersed into the oil first expressed. The 
mixture is kneaded with hands anointed with honey. In like manner the oil 
is expressed a second, third and fourth time, and each time rose leaves free 
from the caiix are added. In this way the oil becomes much stronger. Up 
to a seventh infusion the same oil can be used but no farther. Furthermore, 
the oil should be carefully separated fiom the aqueous juice, for the oil will 
spoil if any of this juice remains with the oil."') 

A single distilled oil, however, was known as early as the first 
century, viz. turpentine oil. Its peculiar .method of preparation, as 
well as the apparatus used, are de.scribcd in the chapter on the 
’'History of the methods of distillation and distilling apparatus.” 

Taking into consideration the early acquaintance of distilled 
oils by ancient peoples and later by the Arabians, it can scarcely 
be doubted that the oils which must have separated on the sur¬ 
face of "burnt waters” during the process of distillation of 
aromatic plants and spice.s, practiced so diligently during the 
fifteenth century, could have escaped attention. Being regarded 
as coarser particles they probably received little attention and 
hence found no application, for the therapeutically active waters 
alone were the only object of the distillation. Thus, while it is 
known from other sources that a number of distilled oils were 
known, one of the oldest price lists of drugs and spices, viz. the 
one of the city of Prankfurt-on-the-Main of 1450 docs not mention 
a single distilled oil.*) However, a similar list of the same city 

') from the German translation of the works of Dloscorides in Tromms- 
dorffs fourn. der Pharm. If (1803), 112. 

*') Ita aunt nontina medidnanim simplkium sive materialium qux ad 
apothecam nquinnUir, In genere ct in specie. Published as a separate 
by F^of. F. A. Ftuckiger in 1873 with tfie title "Die Frankfurter Lisle." 
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for the year t582 mentions forty-two volatile oils,') and a further 
list of 1587 fifty-nine such oils.') 

At the close of the fifteenth century the art of distillation 
and the distillation of aromatic waters were greatly advanced 
by the first larger treatise on distillation, viz. the Destillirbuch 
of the Strassburg physician Hieronymus Brunschwig (bom abt. 
1450, died abt. 1534) which was published in the year 1500. 
The book is illustrated by numerous cuts of stills and utensils, 
likewise of the plants used in the preparation of "burnt waters." 
In some editions, these cuts were colored. The title pages of 
the two voluminous folios, which were printed in 1500 and 1507, 
are of special interest in the history of distillation. Reduced 
facsimile reproductions will be found on pages 40 and 41. 

The first volume contains 212 paged leaves (424 pages), 
the second volume 344 leaves (688 pages). The work is devoted 
mainly to a description of the methods of preparation of the 
much lauded') “burnt waters,” accompanied by directions for 
their use and an explanation of their action. In addition it 
contains directions for the preparation of numerous “burnt 


'1 Heilistcr alter Apolliekischen Simplieiai iipd Compasiten, so in den 
heiden Hessen r.u I'rnnkturt am Main dimii Materidlislen, Knnilleal, Wnrzel- 
trSger, KrSntkr itnd dunii die Aputheker daselhst verkaidt werden. Frank- 
furt-on-the-M. 1582. 

HetornmUo oder emeute Ordnung der lieilig Heiehstndt Irankfnrt a. H., 
die Pllcge der Gesundheit lielreffend. Den Hcdicis, Apolhekern und Materia- 
listen ziir Nachriditigiing gegeben. Damcben den Tax und Weitli der Arz- 
neien, \relclie in den Apotheken aiida zu linden. 1587. 

'I The praises ol the “burnt waters” were sung in prose and verse. 
Of the more prominent writings the following may be mentioned: Loblied 
mm hranntewein. Wem der geprani wein nutz sey oder sebad. un wie er 
gereeht oder falscblicb gemacht sey, getmekt zu Bamhcrgk von marxen 
Ayrer. Unnd Hannsen Pemecker in dem Zinkenwerd. in 1493 jar. Reprinted 
in: |oh. Beckmann, BcitrSge zur Oesebiebte der Erfindungen. Leipzig 
1786 -1795. Bd. II, Abt. 2, S. 277 288. 

Michael Schrick, NStzlicb Bichiein von Kunst und Tugend der ge- 
prenten Wassem. getruckt am 23. Mai zu MSmberg lit?. New editions 
appeared in 1529 and 1601. 

By Hubertus Barlandius in Namur: Epistola medica de aquarum 
destillalarum tacultatibus. Antwerpire 1536. 

By the Canon Remaclius Fuchsius in Uige; Mistoria omnium aquarum, 
qua! in commune hodie praetkantium sunt usu, vires el recta desfillandi 
ratio. Parisii 1542 — Veneti 1542. 
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wines,” elixirs of life, and simple and complex oils and 
balsams. 

The lesser significance of the volatile oils becomes apparent 
from the fact that, in spite of the thorough knowledge and even 
practical experience of the author, but a single volatile oil, viz., 
the oleum spicx,') is mentioned and described in the first 
volume; and in the second volume only three additional ones, 
viz. oleum lerebinlhinm/) oleum ligni juniper!^) and oleum 
rosmarini.') 

In harmony with the knowledge of his times, arc Brun- 
schwig's views as to the nature and products of distillation. 
These are recorded in the following words in the introduction 
to the first volume of his treatise on distillation; “By distillation 
we understand nothing else than the separation of the subtle 
from the coarse, the coarse from the subtle, to render the fragile 
or destructible indestructible, the material immaterial, the bodily 
spiritual, the unhandsome handsome." 

Ambiguous as were the conceptions of the nature of the 
constituents of the distilled parts of plants and their distillates, 
the technique of distillation, as becomes apparent from the next 
chapter, was well developed. Tor this very reason it seems 
strange that no mention is made of the observation of oils when 
such aromatic plant products as the umbelliferous fruits, the 
labiate leaves, juniper berries, cloves, cinnamon and other spices 

') Vol. I, fol. 72. ..Dds krut von dv lateinischen Invcndida and in tSt- 
schcr 7ungcn lavender getuvmt, ist cin krut getne/nigUch yederman hekant, 
dock so kt syn iwcingcstalt, das ein vtm den lateinischen spicula und von 
den tiitsclwn spic genant. dcs vyl wachsen ist in dem lant provinz. Zu 
dyser zyt mich in tiitscher nation g/ich dem gemeinen lavender, von des 
bhimen ein 01 wird gemachet mit putrisieren un dystiUieren genant oleum 
de spica." 

Vol. I, fol. 33, cap. 25. The recHHcation of turpentine oil by repeated 
shaking with water, rosewater or wine and final distillation is also described. 

=') Vol. 11, fol. 289. 

Vol. II, fol. 52, also oleum benedictum compositum (fol. 53). Both 
are distillates from rosemary, turpentine, frankincense, mastlx, ammoniacum, 
galbanum, oppopanax, cloves and cinnamon. 

In Vol. I, liber 4, fol. 271—272 are likewise found descriptions for tiie 
preparation of a number of aromatic balsams (mixtures of volatile oils) by 
the distillation of mixtures of resins and spices to which turp&itine oil has 
been added. 
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were subjected to distillation with water. Some of these non- 
aqueous “subtle" parts must have risen to the surface of the 
aqueous distillate, others must have collected at the bottom of 
the receiver, still others must have congealed. This silence is 
all the more remarkable since the specific object of distillation 
consisted in the separation and isolation of the volatile, the 
subtle, the quinta essentia from crude plant products and 
other natural objects; and since such oily separations had been 
known much earlier and had been mentioned in the literature 
of earlier periods. 

The explanation for this lack of correct observation and 
the ambiguity of views as to the nature of the products of distil¬ 
lation is possibly to be sought in the change which the concept 
quinta essentia underwent in the course of time. Originally 
applied to the spirit of wine only,') it was later applied to aro¬ 
matic and cmpyrcumatic oils, even to acetic acid’) and other 
products of distillation. 

The treatise of Brunschwig, which had received general 
recognition became the precursor of numerous other treatises 
on distillation which appeared in the course of the sixteenth 
century. They reflect the height of the faith which the medicine 
of that period had in the “burnt waters" and in the miraculous 
powers of the “most subtle” powers obtained from natural ob¬ 
jects by distillation. Of the numerous treatises that made their 
appearance during the sixteenth century, the following are parti¬ 
cularly worth mentioning, not only because of the fame of their 
authors, but also because of the influence which they exerted 
on the development of the art of distillation, and on a better 
understanding of the distilled oils, viz. those of 

Philipp Ulstad,”) physician and professor of medicine in Nuem- 

') Liher de arte deslillandi. Vol. I, vol. 18 and 19. BrunachwiR wa» 
well acquainted with the preparation of spirit of wine, not only by the distil¬ 
lation of wine, but also by that of lertnented honey (vol. II, liber I, cap. 14 
and 28), of fermented fruH juices (vol. II, cap. 18), also by the fermentation 
and distillation of herbs, roots and flowers (vol. II, cap. 19). 

’I Ibidem. Vol. 11, cap. 26. 

*) Philippi Ulstadil Caliim Phitosophorum, sen liber de aecretis 
aaturx tractatua, id eat, qaomodo ex rebus omnibus Quinta essentia parelur. 
Argentorati 1543 u. 1528 — Augusts Treboc. 1530 — Lugduni 1540 u. 1553 
■ Parish 1543 — Francofurti 1600. 
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berg (at the beginning of the 16. century), Walter Hermann 
Reiff (Ryff),') surgeon in Strassburg (in the first half of the 
16. century), Pierandrea Matthioli*) (born 1501 in Siena, died 1577 
in Tricnt), Remaciius Fuchs*) (born 1510 in Limburg, died 1587 
in Brussels), Valerius Cordus*) (born 1515 in Simshausen in 
Hessia, died 1544 in Rome), Conrad Gesner*) (Euonymus Phili- 
atrus, born 1516, died 1565 in Zuerich), Adam Lonicer") (born 1528, 
died 1586), Giovanni Baptista della Porta’) (born 1537, died 1615 


') H. Clualtherus Ryff, Nvii groan Destillirhiich u ohi gegriirtdeter kiinst- 
IkiuT UvatiUnthn. I'rancofurti I Kb. (See p. 4b.) 

*) Petri Andrea: Matthioli Medici Ca'sarii ct f'ernandi Archiducis Austria: 
Opvra qux exUnt omnin: hoc cat Commenturii in sc.v libr/a Pedacei 
Dioscoridis Anazarbei dv materm rncdicn. Post divcrsanim editionum coUa- 
thmem mfinitia l(Kia diictt: he TiiUonc dcstiUandi aquas ex omnibus 
plant is; et qiioniudo genu ini odorva in i/)sis aquis conaervari possint. 
Veneti 1544 Basiliar 15b5. 

Remaclii huchsii Hiatoria omnium aqudrum, qua; in commune bodie 
practicantiurnsuntusu. \ ires et rectadcaliUandiratio. Veneti 1542 - Parisiil542. 

') Valerii Cordi Simesusii Annotathnes in I^edacei Dioscoridis Anazar¬ 
bei de materia mcdica lihroa quinque, loiigc alhc quam ante hac aunt 
emufgatw. tjusdem bistoiia; stirpmm lihri quatuor, et de artificiusis ex- 
tractionibus liber. Tiguri 1540. 

After the death of Cordus this work was published with additions 
(Huiii (lermaniael and comments by Conrad Oesner in Zuerich. Several 
editions appeared in 1557, 15b) and I58.>. 

•'1 Thesaurus Euonymi Phili.'itri de remediia aecretia; fiber physicus, 
medic us et partim etitim chy micua et (veonomicua in vinorum dkerai sapores 
apparatur, medicia ct pb,um;ico/n)hs omnibus pnecipuc neceasarius. Tiguri 
1552. Liber 1. De deauilatione efusque differentiis in gencre. Auctor cat 
Conradus Gesnerus. Tiguri. 

The German edition bears the following title: kin kostlicher Schatz 
F.uonymi Philiatri darinn enthalten aind \iel hcimficher guter stuck dcr 
artzney, vcrteutscht dutch |oh. Rud. Landenberger. Zurich 1555 

") Adami Loniceri, her Armey Doctor and weiland Oidinarii Primarii 
Pbysici zu franefurt am Mcyn, l(rSutcrbuch iind kunstUche Contcrieyungcn 
der li&umcn, Stauden, Hecken, Kr&utem, Oetrayde, Gewurzen und nutzUchen 
Kunst lu destiHiren. .... - Auf das allerfleissigste u/ierscAer?, corrigirt 
und verbessert durch Petrum Uffenbachium, Ordin. Physicus in Franefurt 
am Meyn. Ulm, anno dei 1551, 1573 und )58d. 

') |oh. Baptists Porue Neapolitani. Magix NatunJis h'bri viginti, in 
quibus scientiarum naturafium divitiae et deUcis demonstrantar. Jam dt 
novo, ah omnibus mend is repuigati, in fucem prodierunt. Liber decimus: 
Destillat. destilfata ad fastigia virium sustoUit. Ravenna: 1565 -- Ant* 
werpia: 1567 — Meapoli 1589 — Hanovis 1619. 
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in Rome), Geronimo Rossi') (Hieronymus Rubeus, bom 1539 in 
Ravenna, died 1607 in Rome), C. C. Kunrath’) (about the middle 
of the 16. century) and jacob Besson*) (about the middle of the 
16. century). 

Next to Brunschwig’s treatise on distillation, those of Ulstad 
and Ryff are given priority. Not only were they frequently 
quoted by the later authors but the illustrations were invariably 
copied from the two volumes of Brunschwig and the next oldest 
treatise by Ulstad. Possibly Brunschwig and Ulstad obtained 
their illustrative material from Arabian sources. 

About twenty-five years after the appearance of Brunschwig’s 
treatise, the above mentioned smaller treatise on distillation by 
the Nuernberg physician Philipp Ulstad was used almost equally 
extensively.') 

it was published in Strassburg in 1526 and was shortly 
thereafter reprinted in Paris, Leyden, Frankfurt and elsewhere. 

In 57 chapters the book supplies direction for the preparation of the 
supposed Quinta essentia by means of curious methods of circulation and 
distillation, which will be found mentioned in a subsequent chapter. The 
detailed explanations of the nature of the *'ftfth being" are merely a circum* 
scription of the conventional ideas about distillaHon and the products of 
distillation already mentioned in connection with Brunschwig (p. 4t). In 

') Hieronymi Rubei Ravennatis De destillatione liher, in quo stU/a- 
titionm Uquorum, qui ad medicinam faciuntur, methodus ac vires explicantur, 
Ravenmc 15S0 and 1582, Basilix* 1581 and 1585. 

') C. C. Cunrathii Medulla destiUatoria et medica, oder Bericht, wie 
man den Spiritus vini znr Exultation bn'ngen soil. Leipzig 1544. 

lacobi Bessonii De absoluta ratione extrabendi aquas et olea ex 
medicamentis simpUcibus a quodam empirico accepta et a Bessonio locuple- 
tata, experimentis confirmata. Tiguri 1559. A French edition appeared 
in Paris 1573. 

*) Philippi Utstadli, patris nobilis Qslum PhHosophorum seu liber de 
secretis naturae, id est: quomodo non solum e vino, sed etiam ex omnh 
bus metallis, fructibus, radicibus, iterbis etc. Quinta essentia, sive aqua 
vitae, ad conservationem humani corporis educi debeat. Argentor. 1526 and 
1528 — Lugduni 1540 and 1553 — Parish* 1543 - August. Treboc. 1553 - 
Francofurti 1600. 

The German edition bears the following title: Dess Edten und lioeb- 
erfabrenen Herm Pbilippi Ulstadii vrm NQrmberg BScblein von Meimlig- 
keiten der Nattir, jetzund verdeutisebt Frankfurt am Mayn 1551. 

The French translation which appeared in Paris in IM7 bears the title: 
Le Gel des pbilosophes ou secrets de la nature. Paris 1547, 
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fCeneralf the aim of all of the cumbersome processes described by Ulstad, is 
the separation of the spirit of all substances from their earthy body. This 
quinta esstntia in turn practically resolves itself either into a spirit of ivme, 
more or less strong and aromatised by means of plant or animal products, 
or into a spirituous solution of metallic acetates (aurum potabih). All plant 
products, even apples, pears, cherries etc. further human blood, urine and 
other ‘‘subtle animal products" arc subjected to cumbersome “digestion" and 
“circulation, I. e. to prolonged fermentation and putrefaction. Finally, “the 
spirit" is distilled and repeatedly rectified. 

For the preparation of this “spirit" and that of a number of farfamed 
aqux vitae the book provides exact directions. 

Inasmuch as all of these distillates (Quintx essentix) are 
strongly alcoholic, Ulstad had no knowledge of distilled oils and 
hence docs not mention them in his treatise. This is true in 
spite of the fact that his aqux vitx arc distilled from strongly 
aromatic spices and other plant products with wine. 

The value which the works of Brunschwig and Ulstad have 
today in the hi.story of distillation lies in the detailed and careful 
de.scription of the apparatus and methods of distillation and the 
illustrations thereof. 

About 5b years after the appearance of Brunschwig's “Destillir- 
buch" and 28 years after that of the first edition of Ulstad’s 
Cculum Philosoplmrum, Walter Reiff (Gualthcrus Ryff),') a surgeon 
in Strassburg during the first half of the sixteenth century, 
published a third treatise on dLstillation which was held in high 
repute for a long time. It has the following title: 

/Yew tirtms OcstiUirhtich, wiM gegriindeter kOfist/khcr DextWation, 
sanipt itiidcm'vistitig tind herkht, kunsWch ahzazichen Oder Separiren die 
fiirnemhsle destUUrte Hteer. kOstliche ai/ua.‘ vitae, Quintam esseniiam, 
heiisame tati, ilttlsatn nod dergieychen vieigiiter Abzdge. Redd kiinstiidi 
nod vie! anff beqnenic art dann hishcr, aiick mit begnemerem Zeug der 
Gefasa and liistniinent, dex ganzen /Jextitiirzciigx von Rreatcm, Bliimen, 
Wlirzein, Fniehten, Getbier mind anderen xtucken, darinnen natnrlicbe fenebte 
iinnd lilemenlixche kratit, ein/ach Oder maneberley gexlall vermixebt and 
componirt; dureb M. Guaithernm Ryif, Medicnm ^ ebirvrgum, Agentinem 
xeni, getrockt zu i'rankfnrt a. m. bei Cbrixtian Cgenolff'x xeligen tzrben im 
jar ibbb. 

This treatise is supplied with numerous colored illustrations 
of plants, also with cuts of furnaces and utensils used in distil¬ 
lation. Its succinct text reveals technical knowledge, as a result 

') He lived during the middle of the 16. century. 
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of which the book demanded considerable respect, was widely 
distributed, and repeatedly imitated. The personality of the 
author finds expression even in the preface in whicli he fear¬ 
lessly criticises contemporary authors, more p,Trticularly Theo¬ 
phrastus Paracelsus,') the reformer of medicine. The folio of 197 
leaves (394 pages) is divided into four parts. The first part 
of 52 pages is devoted to the explanation and description of the 
art of distillation and of the utensils used, in parts two and three 
the preparation and action of the distilled waters are described, 
and in the fourth part the preparation of the Aqu.v vitx, of oils 
and balsams. 

Distillation is explained in a manner similar to that of Brun- 
schwig given 56 years before, but it is more explicit (fol, 45): 

"Die rechtc griimiliebe DisIWathn an ir sefbs ist nichts anrfm, daim 
c/n nbzij/i der mtfir/ichtn fvticMen von fU'wedts, odvr anderc irdisc/ien 
mattrf, dutch gewah dvr bit? ahgvzogv i)der abgctrichc. Solchc herr/ichv 
kiinst ist dvn aften (jrivchischvn irzten and Hiilomplwn imhvkannt gvweivn 
and via ncuvr fundt and aufbringvns der nachkommvndvn, zum tbeyl cr- 
daebt and nutzikb erfundvn i on wcgvn dvr lariigkvit dvr mvnsvben diner 

rcit, HO atk'in, mvvs in auvb wobfHdimwkct, fur mltzficb aebten, . 

dann zu dem dann Holchc kunstbebv Ahslractiones, odvr gvdestiflierte was^ 
Hcr, bf, aquae vitav, and andcrc dergicichen stuck sebr nutzficb und kdnst' 
hch, aho, dass siv ir gewa/tigv W/rkung, wefebe sie vcrmbgen in mvnscth 
livbcm cOrper zn erzeygen, gam atigcnschcinficb darthun und wirken . 

F.s habvn abvr die naturUchen FbHmopbi sokhc Hunst dvs iJcstilfiervns 
vrst/icb abgenommvn m nacbfolgung dvr natur, weicbe natur in der grOssern 
weft durcb krafft und maebt dvr Sonnen und bitz die dSmptf in der vrden 

*) The following bit of criticism by Ryff may here be quoted: "Fs wird 
die bochlbb/icbe Artznei nit aus Kr&utterbuchvrn oder nus acblevbtem 
teutschvn schreiben gefvmct, wic leydvr jetzo sokhv kunst nit in geringen 
missbrauch kompt vdes teutsvbes unformiges schreibens balbvr, weicbvs 
aiich von etbeben die grossen name in medkina habvn wbHen gesebiebt. 
Aus sotebem schreiben will dann jeder artzniren unn geschivM dardurch, 
dass der gemein man and etficbe geaebte lent iren leib anvertrawen einem 
Xanbreeber, /uden. Moench und aiten vettein. Dann bei diesen gilt mebr 
das gesebwetz und der rhum, dann die ware kunst. Wte da sagt das carmen: 
Saepe rudes tantum facit ostentatio doctos, 

Sxpius have rudibus nomina magna dedit 

Das ist: 

Kannst da dich dapffer geben aus. 
liit rhum and schwatz hoch prangen raus. 

So wirst du baben rhum und ganst, 

Ob du gieich seist ein esei sunsV' 
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vtrborgen. fSrnemlicb von wmer und feachtigkcyt auffzeuchct, oder aaff- 
treibet bis in die mitler region des laffis, von welcher sie zusammen gt~ 
triben warden in einn nebei und wolkcn, so sich dann der selbig zerspreytet 
und scbme/zet in f^egen. Schnee oder Hagei, fallet er wideram berab zur 
erden. .... 

Soicbe naturiicbe abziebung der feucbte von eim ding und gewecbs 
baben unscre vorfabren abgenommen aus obgemelter w/rkung. Haben also 
die materi, von weicber sie so/cbe feucbte baben abzieben woUen, in ein 
grosser Gcscbire, so unden in die runde weit mit einem Baucb zusammen 
getbon, Welches Instrument sicb in der proportion der Spberen, darinnen 
wasser und erdrekh versammelt, vergleicbt wirt. So nun sotche feucbte 
von der underlegten bitz verdunnert und gesubtUiert, wird sie obersicb ge- 
triben, wo sicb soicbe aufsteigende vapores wider erkuleten unnd von der 
kelte gcdensiert, skb dann in wasser zerlassende oder zerscbmelzend, 
weicber dutch soicbs obergefess bequemlicber aussgefuhrt, gesammelt und 
zii mancberley nutzbarkeyt bebalten und gebraucbt werde.” (New gross 
Destillirbucb. hi. 175 189^ 

In the last part of the book he also describes “the correct 
method of preparing by distillation, according to the rules of 
art, several precious oils”. These are distilled, some of them 
with wine, from myrrh, liquid storax, sagapenum, opopanax, 
ammoniac, styrax calamita, sacocolla, benzoin, labdanum, galba- 
num, turpentine, mastic, sandarac, guaiac wood, rosemary, spike, 
anise, cloves, cinnamon, mace, safron, and from various mix¬ 
tures of spices (balsams). 

Under spike and lavender oils (fol. 186) be mentions that 
these oils are commonly imported from France in small bottles 
and sold at a high price.') 

How little Ryff knew about the nature of volatile oils and 
how primitive were his methods of preparation, becomes apparent 
from fol. 187 and 188 of his “Destillirbuch” where he describes 
“how from several strong and good spices precious oils can be 
distilled." To prepare specially good oils from cloves, nutmeg, 

') In the "Reformlrte ApoUiek" published by Gualtherus Ryff in 1563 the 
following interesting statement is found (fol. 191): "When lavender flowers 
are distilled, a very fragrant oil usually floats on the surface. In the french 
Provence, about Marbona, where this plant grows abundantly, a specialty is 
made of the distillation of this oil. Oils are likewise distilled there from 
other useful and fragrant herbs, flowers, fruits and roots." 

This statement is of historical interest since it is probably the earliest 
reference in German literature to the volatile oil industry which apparently 
CKisted in France as early as the 16. century. 
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pointed out, the treatises mentioned above were not only re¬ 
printed but imitated in Germany as weli as outside of Germany. 

The professional scholars of this period who were most 
prominent because of their comprehensive knowledge and literary 
activity were Valerius Cordus and Conrad Gesner. Their works 
appeared about the middle of the sixteenth century and some¬ 
what later. They were not only modeled after the earlier treatises 
but excelled them by a more thorough knowledge, by clearer 
exposition, and by greater wealth of material, ffcncc they were 
generally appreciated and recognized by municipal authorities. 

Valerius Cordus (born 1515 in Simshausen, Upper Hessia; 
died 1544 in Rome), whose father was Professor of Medicine 
in Marburg, studied medicine at his home receiving the academic 
baccalaureate in 1531, In the same year he went to Wittenberg to 
attend the lectures by Melanchthon. Having soon obtained the 
wnia doceiidi, he lectured on the Materia medica of Dioscoridcs. 

These lectures of Cordus appears to have put down in writing. ' 
Five years after his death the German translation of these lec¬ 
tures was published in Frankfurt-on-the-Main by Ruellius. The 
commentaries on Dioscorides, also other scientific writings by 
Cordus were published in 1561 (possibly as early as 1557) by 
Conrad Gesner of Zuerich (born 1516, died 1565), who was a 
many sided scholar and a profuse medical writer. To the 
commentaries of Cordus were added not only additions by Gesner 
but an entire treatise by the latter.') Only a single treatise 

This folio bears the following title: In hoc voltimine continentur 
Valeri! Cordi Simcsiisii Annoiathnes in Pedaceii Dioscoridis Anazarbei de 
medka materia Hhros Qiiinquc ion^e aliie quam antea sunt hac sunt irulgatas. 

Hfiisdcm Val. Cordi Hktorix stirpiuw lihri quaUtor po&thumi nunc printum 
in lucem editi, adjeetk ctiam stirpium iconibus et hrevissimis Annotatiunculis. 
Sylva qua rcnim fossilium in Germania plurimarum. Metallorum, Lapiditm et 
Stirpium aliquot rariortim noticiam hrevissime persequitur, nunc hactemis visa. 

t)c artifidosis extractionibus liber. ■ Compositiones medicinales alh 
quot non vulgares. - tik aaeduut Stockhornii et Nessi in Bernatium 
Melvetionim ditionc montium, et nascentium in eis stirpium, descriptio 
Benedkti Aretii Grxcx et Hebraka; linguartm in schofa Bemensi pro- 
fessoris clarissimi. Item Conradi Gesneri De Hortis Germanix liber recens 
una cum descriptione Tulipx Turcarum, Chamxcerasi montani, Chams- 
opiti, Chamivenrii et Conizoidis. — Omnia summo studio atque industria 
doctissima atque excellentis viri Conr. Gesneri medici Tigurini collecta et 
prxfationibus illustrata. — 15M Argentorati excudebat Josias pibelius. 
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appears to have been published by Cordus himself, viz. a botanical 
work, the Historia plantanim, a description of plants used in 
medicine, it is a folio of 224 pages with numerous illustrations 
and appeared 1540. 

These "Annotationes" of Cordus are of special importance 
in the history of volatile oils, partly on account of the reputation 
of the author, partly because of his knowledge of the subject 
and also because they appeared in a century that was so pro¬ 
ductive of literature. Whereas Brunschwig’s book reveals a 
retrogression in the technique of distillation as compared with 
the Arabian period, Ulstad, Ryff, M.itthiolus, l.onicer and others 
advanced the art during the period of distilled waters and a(ju.v 

in several ways: they not only made known many of the 
older pieces of apparatus that had been forgotten, but they also 
improved them and invented new ones. 

The ground thus prepared was further cultivated by Cordus 
and Gesner. Owing to the short life time of the former, it was 
the latter who continued their common labors and realized 
better results. 

In the chapter de destinations oleorum (fol. 226) of the 
liber de artificiosis extractionibus of his Annotationes, Cordus 
discus.scs the nature of the plant extracts obtained by expre.ssion 
and distillation. Concerning the oily plant constituents, Cordus 
distinguishes between the viscid, fatty oils (Oleum crassum, 
mcosuni, terrestre) obtained by expression, e. g. of seeds, and 
those of a spirituous nature (xrea) which can be separated 
from the “terrestrial" substances by distillation. As illustrations 
of the first class, he mentions a number of the common fatty 
oils, as illustrations of the second class the oils of carpobalsam,') 
cardamom, cubcb, pepper, cloves, cinnamon, mace, nutmeg, 
lignaloes and those of some of the common umbelliferous fruits, 
such as anise, fennel, caraway, cumin, angelica, Ligustrum, 
Libanotus, Pastinaca, Apium, Petroselinum, Pimpinella and 
Anethum. 

In his description of the properties of volatile oils, Cordus 
makes mention of the remarkable property of the oils of anise 

') Carpobalsamum is the name applied to the fruits of llalsamea 
nteccanensis, Gleditsch {Balsamodendron Opohatsamum, Kunth), which were 
formerly used medicinally. 


4 * 
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"fm kosttkhcr tbaurtr Schati des Euonymus PMliatrus, darmnen be- 
halten sind vU heymficher gQner stuck dcr anncy, fumemmikh ahcr dh 
art and eygenschafften der gebrannten wasseren und dhn, wk man dit' 
scibigen bereitcn sO/h: desghycben ycder ^asscitn and 0/en art and cygen- 
scbafft, natz and branch. Item a/Ies mit schOnen Ikbfichen figurlinen 
gezeigt unnd hem M/e man maneberley weyn bereiten sO/Je, auch den 
abgestandenen diircb hilff der gehrannien wasseren, gewurtzen unnd anderhy 
materi widenimh befffen miige far die augen gestc/ft, gam Jastig, nutzUch, 
and gut al/en Ak/iemisten, buushaiten: inbesonders den Italbiercrem, 
Apothekem und alien lichbalwren der Ar/tncy. - I'.rstUcb m Latin hesebrieben 
dutch liuonymum Pbiliatnim, nun newlicb verteutsebt dutch /ulmnnem 
pudolpbiim Landcnberger zu Zurkh- vormals in Tcutschc sprach niemals 
gvsiiben. Gctruckt in Zurich hci Andrea und facobo den Qcssneren gehriider 
im jar dis man zalt von Christi unscrcs Heylands geburt lux').''*) 

I.ater there appeared a second part also written by Gesner, 
but the original Latin text of which was not published until after 
his death, which occurred in 1565, by Caspar Wolf. A German 
translation by )acob Nucschler was published in 1583, likewise 
in Zuerich, under the following title: 

Ander TJieil des Scbdtzcs luionymi von allerhand kiinsthchen und 
bewerten Olen, wdxseren und heymhehen Arzneycn, sampt Hirer ordentlichen 
hereytung und dienstlnlwn Piguren. UrstUeb zusammen getragen dutch 
llcrrn Doctor Ciinrut Oesner, Dcmnacb \von Caspar Wolllen der Arzneyen 
biKtor. Zurich; in Uttin hesebrieben und in Truck gefertiget, jetzt aber 
newitch von fohdim facobo Nuscheler Doctoren. m Tutsche Sprach v'cr* 
tolmetscbct. iiSd. 

Compared with Brunschwig's treatise which had appeared 
50 to 65 years earlier, Gesner's treatises reveal a decided ad' 
vance in the technique of distillation, also in his knowledge of 
volatile oils. The first German edition of 1555 contains several 
chapters “on distilled oils" {pp. 212—249) and on “balsams" 
and other mixed oils*) (pp. 249—273). The distillation of a 

‘) This tamous book went throuah a considerable number of editions 
in the course of a century or more and was evidently very widely read. 
The English translation, by Morvyng, appeared in 1559 under the title: Mew 
book of distillation called the treasure of Euonymus. London 1559,1564 1565. 
A French translation appeared at Lyons in 1555. 

The nom'dC'plume chosen by Gesner was most likely derived from 
evonymus = Spindle tree (prik’wood) and phitiatros, •f 'u.ni friend of 

science of medicine. 

-) Literally: '‘Bakamen und anderen kost/ichen krefftigen und artig 
zusammen gesetzten Oelen,'* 
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number of oils, viz.: of the oils of lavender, rosemary, rue, cinna¬ 
mon, cloves, nutmeg and others, is described, and the description 
accompanied with cuts of the apparatus to be used; also the 
distillation of juniper berries and juniper wood by destillatio 
per ascensum and destillatio per dcscensum. (pp. 217 and 247). 
Of the oils of gum resins, olcorcsins and resins, those of ammoniac, 
benzoes, galbanum, labdanum, myrrh, opopanax, liquid storax 
and styrax calamita, mastic and turpentine are described. The 
oils from guaiac wood and sandal wood and from several other 
woods and barks arc mentioned (pp. 244--247) and their distil¬ 
lation described. 

The second part published in 1583, which may be regarded 
as a new edition brought up to date, contains much the same 
material and illustrations. 

To what extent Gesner’s conception of the nature of the 
prodiiets of distillation was influenced by tradition, becomes 
apparent from the preface ol the first German edition in which 
he praises the art of distillation as a means to obtain from 
medicaments 

"l)h allt'i rt'fitrst, t'i//t‘.sT, krelfogst and diirt.htrwt>L'St xiiliattinz, so die 
ar/t't nvnnvn diu, fuvnitt wavsen (qvmtd essentia), von der nnrvnwn, tirohen, 
yrdischen, unnuvtzcn and untaughchc suhstan/ ab^esuendervt and aus- 
gvztmcn werden." 

And further on lie says: 

"iJemnaifi so fnidvst du in diesvm huebe vetgriffen die fuertradfUchen 
and tugendreyeben stuck and arznyen, so die ktivnstler, ar/ct and AIcby- 
misten als sundcre gvhcimnifvsficn and secret der natur, mit grossem ffeyss 
verbotgen and serbaltcn habend: als da sind die w oblnechcnden wasser, 
die oe! die mis krviieteren, gewacebsen, bluemcn, fmeebten und wurzebi 
gezogen und separirt werden." 

A better understanding of the volatile oils themselves is 
revealed in the following passage from the first volume (p. 103): 

"Lass ordentlicb destiUicren in waermer aeseben, von der ahsuenderung 
und sebeidung des vets voni en/reych, so wirst du saeben von den selbigen 
matcri, so auf diese art destiUirt wirdt, ein feyn tauter, seboen und ktaar 
wasser und <tef herabftiessen. wekbes in im hatt de lufft oder des hiffts 
eigenscbafft, und das wasser, das ist die substauz unn das h aesen, so das 
tlement lufft und wasser in im batt." 

However, the confusion of ideas concerning distilled oils on 
the one hand and aromatized fatty oils on the other still mani¬ 
fests itself repeatcdcly in the writings of Gesner and Cordus, 
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Thus in the chapter on “distilled oils" three and even four 
methods for the preparation of one and the same oil arc des¬ 
cribed. Among these arc found not only the method of distil¬ 
lation proper, but that of infusion and digestion (circulation) 
with fatty oils, c. g, rose oil (pp. 224 and 236), lavender oil 
(p. 337), marjoram, myrrh and other oils (p. 332). 

According to Gesner's directions a preliminary moistening 
of the material to be distilled with spirit of wine (aqua aix) 
is recommended. The oils are designated as a „feiste Feuchtig- 
keit” which is inherent in the herbs, flowers .md roots. Flowers 
which have a delicate odor, such as roses, jasmine, etc, arc 
packed in layers into the still, each layer being separated from 
the next by a similar layer of perfectly odorless flowers or 
leaves. The latter are to take up the aroma and to transfer it 
to the distillate. 

In addition to many admirable directions, Gesner's writings 
contain descriptions of methods of distillation which reveal a 
complete absence of a clear distinction between aromatized fatty 
and distilled oils. 

Thus among other descriptions, Euonymus Philiatrus gives 
the following directions for the preparation of distilled oils of 
several spices, viz. from cloves, nutmeg, mace, bcnzocs, storax, 
myrrh, safran etc. 

“Die Spvcerei wird fjmh fjvpuivert, dnmi mit aqua vita: durchfeuchtet 
und in den g/dsine ri'torte gct/ian, and bci gclinder Wdiwe destUlirt. Wemi 
dax Of anfabrt zii f/iessen, so nimm die materi dcr specercyen aus dem 
kolhen und t/ius w e/n s&ckUn, welches woM verhunde sye mil einem faden, 
und trucks aus under cirter prSssen. Also dass du beidc hlich der prMssen 
w old heiss machest. Und also gehurt cs sich das ausgetnicki 01 deatiUiren, 
rectificiren und circii/iren, damit auff diese wets das rein lauter 0! werde 
geschieden von der groben yniischen materi. Demnach mag man wohl 
widerumb die hkpffen putrificiren und digeriren mit dem vorgemeltem aqua 
vita:, so von anderem ahgesutKieret worden. Unn zum letzten widerumb 
destiUiren’* 

Thus the distillation was interrupted at the beginning, the 
fatty oil aromatised with the volatile oil was expressed, and the 
volatile oil separated from the aromatised fatty oil by distillation.') 

For the distillation of the ethereal oil of flowers Philiatrus 
gives the following directions: 

'I Ein kOsHkher Iheunr Schatz etc. Edition of 1555, fol, 215—217. 



55 


Historicai. introduction. 


,,/J/t' women tier WicOen Oder dex Lavender soil du eiae kune Zeyt 
long sonnen in einer grvsscn glasinen retorte und darnach ein wasser in 
einem alembik darvonnen destilliren and abziehen. Dieses H&.V6'ef durcb 
den gan/en Sommer gesetzt an ein wanne statt an die Sonnen, so treybt 
es tnr und iur 01 Ober sich, welches 01 du allwSgen soli von dem wasser 
separiren und absundern mil einem fSderiich und dasselbe fleyssig behaiten 
in einem gISsineu guttcrn'} woht vermacht und vcrstopiet."^ 

As the last of the important practitioner-scientists and 
authors during the period in which the treatises on distillation 
dominated, the many sided Neapolitan noble man, Giovanni 
Battista della Porta (bom 1537, died 1615) should be mentioned. 
Of his works,-') published in twenty books, two, viz. his Uber 
de dvstiUathne and his Uber de vinis are of special im¬ 
portance to the history ot distillation. Of all his contem¬ 
poraries, all of whom, it is true, preceded him, he had the 
clearest conceptions of distillation and of the products of distil¬ 
lation. Both ot the two books, which appeared about 1563 
distinguish themselves from their precursors by a more com¬ 
prehensive knowledge not only of the subject matter and litera¬ 
ture, hut also by means of originality in research and mode of 
presentation. 

Porta makes a clear cut distinction between fatty expressed 
and distilled oils, describes their method of preparation, also the 
distillation of aromatic waters and the separation of the volatile 
oils from the water and the apparatus used for this purpose. 
However, even with this clear thinking and enlightened practi¬ 
tioner the term distillation conveys the traditional concept of 
various methods of separation and extraction of parts of plants. 
In like manner Porta adheres to the general use of the designation 
oil for certain hygroscopic preparations, e. g. oleum ex salibus, 
oleum ex tartaro, oleum ex soda, etc. 

To what extent Porta's views concerning the nature of the 
distillation process and the changes produced by heat in general 
eoincide with those of contemporaries, becomes apparent from 

') Flask. 

■') Lin kOstlicber tbeurer Schatz etc. Edition of 1555, fol. 222. 

■) |o. Baptists: Porta. Neapolitani. liagite naturalis libri viginli, in 
quibus setentiarum naturalium divitiar et detieix demonstrantur. tarn de 
novo, ab omnibus mendis repurgati, in lucem prodierunt. Roma: 1563 - 
Antwerp. 15t4 — Hanovix 1619. 
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the preface (p. 367) to De destiHatone, which constitutes book 
ten of his Magix naturalis libri .') 

These sixteenth century treatises on herbs and their distil¬ 
lation, as well as a number of less important ones, were the 
principal handbooks for the preparation of medicaments, especially 
of distilled waters, oils, and vinous distillates. At first they 
supplemented the older antidotaries, later they replaced them. 
The gradual change from these treatises on distillation to the 
so-called dispensatories is marked by the appearance of several 
works classed with the latter. Those of Ortolff Meydenbcrger,*) 
and the later ones of Otto Brunfcis'’) (born 1488, died 1534), 
Leonhard Fuchs*) (born 1501, died 1566) and of W. H, Ryff*) 
(first half of sixteenth century) may here be mentioned. 

With the appearance of Paracelsus (1493-1541) and the 
spread of his iatrochcmical ideas in medicine, vegetable remedies 
lost their former importance, their place being taken more or 
less by chemical products. Thus the distilled waters had to 
surrender their supremacy and with it the herbals and treatises on 


') ''/iini nd dries demiliim est, et .i dislillalione diisimiis stinwndtim 
initiiim ncotcriconim iiivcntiini. res mira ultra murtalem surtem laitdanda, 
non qua.' a saulis ct i utgarihua u.sur/Ktri so/vt, nam verum e.v.se corrumpant, 
dt^aimtntquc aed mI caasanim gnam ptTtr,Ktal,i. Dwet viiim h<tc ars 
admirahi/is, at gru\ ia corpora fiant spiritm ct snblimvnt et spiritiis craS’ 
ccscant ac corpora ccadant. f^erii/n vires, quic mole obriitas concuttatai, 
Sifts vehiti in /ociifis dctitcsccntes puriores, tenuhris ct absque uUa im- 
punoris materi±' accessionc c plantis, metal!ids, lapidibtis ct gemmis elkcrc, 
casque vcluti non sua forte contentas, nohiUorcs in sublime educerc, ac 
velutf in ctefum sustollere, poterimus chymisticis organis plantarum virtutes 
imestigarc et nic/ius quam veteres gustu. Quid igitur majm potent ex- 
cogftiiri. Natura est res producere, ac viribus dntare, artis cst productas 
nobfUtare, ac mu/tip/icibus viribus ditare. Accedat lector a natura 

sccretomm persenitator, nam distillathncs baudquaquam inglorius tractabit. 
Primo aquas et olea extrahemus, mux esse tincturas, elixires, sales et 
e/iismodi similia. Mistum quodammodo in elementa dissolvere, ac singula 
puriora rvddere, varias et adversantes, suas facultates separare et elkere, 
ut ex voto uti fmsimus, aliaque, qux scisse et novisse non paenitebit." 

Ortolff von Bayriand. Arineibucb. Hie fahet an eyn hftchelin von 
manigcrley Artzeney. Mainz I4&5. 

'*) Spiegel der Arznei. Stra&sburg 1332. — Reformation der Apotheken. 
Strassburg 1536. 

De componendorum miscendorumqiie medkamentorum ratione. 1549. 

'} Reformirte deutsche Aimthck. Frankfurt a. M. 1563. 
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distillation lost in importance. The volatile oils, however, gradually 
taking the place of the distilled waters, gained in importance. 
This change was contemporaneous with the transition from the 
IJestillirbucher to the dispensatories. Although this change was 
brought about gradually, it is usually identified historically with 
the appearance of the Dispensatorium Noricum of Valerius 
Cordus in the year 1546. 

While in Wittcnbci^, Cordus (born 1515, died 1544) was in 
the habit of visiting with his uncle, the apothecary Ralla, who 
from 1532 to 1560 was proprietor of the Salomo-Apothcke in 
Leipzig. Here he seems to have taken an active interest in the 
art of distillation and in making cheinico-pharmaceutical pre¬ 
parations. At Ralla's instigation and with his assistance, Cordus 
collected tried formulas for the preparation of distilled waters 
and other pharmaceutical preparations. These were published 
by Ralla. 

This compilation, and still more his lectures on the materia 
medica of Dioscorides as well as his Histona Hantarum published 
in 1540, had established the fame of the young scholar. On 
one of his botanical excursions, Cordus appears to have stopped 
at Nurnberg where he received due attention in medical circles. 
In 1542 the council of that city charged him with the preparation 
of a dispensatory for the guidance of physicians and apothecaries 
of that municipality. This task Cordus accomplished with the 
aid of his uncle Ralla and of Caspar Pfreund, a friend and able 
apothecary at Torgau. The book was favorably received by the 
council of Niimberg and was published in 1546, two years after 
the death of its author.') Several editions appeared in rapid 
succession without date of publication, the third Nurnberg edition 
bearing the date 1548. As an authoritative treatise, the book 
seems to have found general recognition, it was frequently re- 

') PhArmRcotmn omnium, (/ux guidem in usu sunt, conficiendorum ratio. 
Vu/go vacant Dispensatorium pharmacopoianim. l:\ omni generc bonorum 
authorum, cum veterum turn recentium co/Iectum, et scboiiis uti/issimis 
iliustratum. in quihus obiter, plurium simplkium, hactenus non cognitorum 
vera noticia traditur. Authttre Valerio Cordo. Item de col/ectione repositione 
et durationc simpUcium. De adulterationibus quorundam simpficium. Simplki 
aliquo absolute scripto, quid sid accipiendum, ‘.iroflnA/.oftna, idest, Siicce- 
danca, sh e Quid, pro Quo. Qualcm virum Pbarmacopolam e.sse conveniat. 
Cum indke copioso. Norimberge, apud loh. Petreium. 
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printed, both in its original form and with the additions made 
by Conrad Gesner. 

The long title of this work was abbreviated to Dispensa- 
torium Noricum and it is commonly regarded as the first German 
pharmacopoeia, though this is not quite true.') It was recognized 
as standard up to the close of the seventeenth century, although 
twenty years later it had to share honors with the Augsburg 
Pharmacopa-ia of Adolph Occo.“) 

Notwithstanding the want of a clear understanding of the 
nature of the distilled oils during the whole of the sixteenth and 
part of the seventeenth centuries, their preparation was fostered 
and their use in medicine, the arts and in the household increased. 
Among the medical experimenters and writers of this period, 
loliann Winther,”) who was born 1487 in Andemach and who 
died 1574 as professor of medicine in Strassburg, seems to have 
distilled a large number of the more common volatile oils with 
great care. 

Moreover, the distillation of aromatic waters and volatile oils 
was now being conducted principally in the pharmaceutical labora¬ 
tories where both the process and the utensils were variously 
improved in the course of time.') 

In addition to the Nurnberg and Augsburg pharmacopoeias 

') See p. .'A 

*) Plhirmiicu/HCA sell Mi'dkamentarium pro Heptiblica Aiijiustana. Author 
Adolphus Occo. Ananata Vtndclicoruni 15f4. 

Of this pharmaeopa'ia there also appeared numerous reprints and editions 
as late as 1734. The titles of many of these are often modified by such 
terms as rvforrnata, renovata H aiicta. 

The great demand for both of fhe.se pharmacopceias, which lasted a 
century and a half, is Largely due to two reasons, hirst, these new pharma- 
copteias satisfied the practical demand better thenn did the older Antidotaria 
and the more recent treatises on distillation. Secondly, it was due to the 
rapidly increasing number of apothecary shops that were established during 
the lb. and 17. centuries. 

'■) Guintheri Andernacei Liher dc veteri er nova medidna turn cognos 
cenda him ladenda. Basilla; 1571. 

*1 On p. 59 will be found the title page of such a pharmacopoeia of 
the fiea piihlica Gorliconsis of 1629. It is characterized not only by the 
predominance of illustrations pertaining to the art of distillation, but also by 
the expression given to the sense of order prevailing in all laboratories of 
apotheeary shops. 
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and similar authoritative works, the municipal price ordinances, 
which since the sixteenth century were issued in various cities 
to regulate the sale of drugs and spices, are reliable sources of 
information concerning the introduction of distilled oils into medi¬ 
cine and the arts. As documents they arc of similar importance to 
the price lists of modem wholesale merchants and manufacturers. 

The following list has been prepared with the aid of the 
previously discussed historical documents.') It should, however, 
be definitely understood that the dates given arc not necessarily 
those of the first introduction or use, but those of their legal 
recognition as articles of commerce. 

DISTILLED OILS KMOWN AND IN USE;') 

Up to the beginning of the sixteenth century: 

The oils of benzoin, calamus, ccdan\'ood, cosUis root, mastlx, rose, 
rosemary, sa^e, spike, turpentine, juniperwood, frankincense, cinnamon. 

TO THESE WERE ADDED: 

From 1500 to 1540: 

The oils of lignalocs, angelica, anise, cardamom, carpobalsam,*) 
cubeh, wild caraway, fennel, caraway, Hbanotis, lovage, mace, nutmeg, 

') In addition to the />c.sY/7//rA/7(/)e/'previously mentioned, the following 
pharmacopa’ial works have been used in the compilation of this list; Of the 
hispensutonum Norkvm the editions of 154b, 1552, 155*?, 1563, 1580, 15(W, 
1592 and 1612; of the P/iannacof)wa Augustana the editions of 1580, 1597 
and 1640; and the iJispensatoriiim Brandvnhurgicum of 1698. 

Of the large number of municipal price ordinances the following were 
consulted: Trankfon^on-the-Main, for 1582, 1587, 1668, 1710; Nurnherg, for 
1552, 16|3, 1624, 1644, 1652; Worms, 1582; Strassburg, 1586; Wittenberg, 
1599, 1632; Halberstadt, 1607, 1697; Halle 1643, 1700; Ulm, 1649; Bremen. 
1644, 1664; Dresden, 1652; Leipzig, 1669, 1689, 1694; Berlin. 1574. 

9 Bitter aimond oil and several other poisonous oils, such as cherry 
laurel oil were excluded from general commerce on account of their poisonous 
properties. Hence they do not appear in the price ordinances, inasmuch 
as they were not used medicinally when they first became known, they do 
not appear in the pharmacopoeias. Both of the above mentioned oils were 
known before the middle of the sixteenth century, bitter almond oil even 
during the middle ages. Oils of animal origin are not mentioned in the 
above list. 

Carpohalsamum is the name applied in the fruits of Hahamea 
mcccanetisis, Gieditsch (Balaamndendron Opobatsamum, Kunth) which were 
formerly used for medicinal purposes. 
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Pastinaca savita, L, pimpinella, pepper (from Piper nigrum), celery, 
sandal wood, juniper berries, juniper tar (Oleum cadinum), mastix. 

From 1540 to f5S9: 

The oils of elecampane, ammoniac, horehound, anime, asafetida, 
basilicum, bdelHum, mountain melissa (Calamintha montana), mountain 
thyme (Thymus iiciuos), amber, citrus, coriander, "costiver”, dill, ori¬ 
ganum, sweet maqoram, elemi, galbanum, gaiangal, gtiaiac, chamomile, 
Roman chamomile, spearmint, labdanum, lavender, lemon, spoonwort, 
laurel, martim verum, marjoram, balm, mints, carrot seeds, feverfew, 
cumin, myrrh, cloves, opopanax, parsley, pepper (from Piper longum), 
summer savoy (Suturv/a bortensis), European penny-royal, orange peel, 
tansy, wild thyme, rue, rhodium, saffron, sagapenum, sandarac, sassafras, 
false cumin, storax, tacamahac, thyme, iris, wormwood, hyssop, zedo- 
ary (root). 

From 1589 to 1607: 

The oils of Cha'rophyllum hulhosum, peppermint, savin, white 
mustard, sesuli, zedoary (flowers). 

From t007 to 1052: 

The oils of ginger, arbor vita', costmary (Tanacetum Balsamita). 

From 1052 to !o72: 

The oil of cow-parsnip (Herachum sphondylium), cascarilla, 
cypress, Anthriscus cvrefolium, tupatorium canuahinum, black mustard. 

From to72 to 170S: 

The oils of valerian, bergamot, miigwort, box-tree, masterwort, 
neroli, Ohum tcmplifiiim (from Piniis Ptimitm), 

From 1708 to 1730: 

Bitter almond oil and oil of caieput. 

At the beginning of the seventeenth century a change took 
place in the tendencies underlying alchemistic activities. These 
were accompanied by the transition of the practice of the art of 
distillation to the laboratories of apotliecary shops. They were 
due also, in part, to the revival of the desire for the trans¬ 
mutation of the metals and for the discovery of the lapis philoso- 
phorum that had been sought for many centuries. The place 
of distilling apparatus was resumed by furnaces and subliming 
apparatus. Having failed to find the panacea for all ills and 
the fount of youth in organized nature, attention was again 
directed to mineral and metallic substances. 
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Chemical science was continuously driven to false con¬ 
clusions, not only by its experiments to convert base metals 
into gold, but also by its search for a quinta essentia by means 
of a separation of the “subtle and spirituous" from the "coarse 
and earthy" by means of distillation and sublimation. False 
doctrines frequently guided both the plan and execution of 
alchemistic research, and thus influenced the object of the ex¬ 
periment as well as the interpretation of the phenomena observed. 
Consequently, the results were correspondingly uncertain and 
often a matter of accident. Thus chemical knowledge proved 
a false structure without internal coherence. Considerable as 
was the sum total of empirical progress made during the sixteenth 
and seventeenth centuries, it served merely the purpose of 
supplying building material for a later period. Included in this 
progress was the discovery of numerous useful chemical pre¬ 
parations and volatile oils. In like manner as the lapis philo- 
sophorum, the highest and final power of (inanimate) nature 
was being sought in the former, so the quinta essentia, the true 
panacea for the restoration of health and the prolongation of 
life, was sought in the latter. Thus Philipp Ulstad and other 
enlightened investigators of the sixteenth century thought they 
had discovered this quinta essentia in the spirit of wine. Each 
success, true or only apparent, stimulated the disciples of spagyric 
and alchemistic art to renewed activity and strengthened their 
belief in the imaginary powers of the coveted products. To this 
class belonged the majority of medical and pharmaceutical labora¬ 
tory experimenters. 

Although the diligent practice of the art of distillation brought 
about considerable progress in the technique, the conception of 
the nature of the products remained under the bann of the 
traditional theosophic doctrines. This was also the time when 
the thirty years war produced such disastrous effects upon the 
cultural and spiritual life of Germany. This religious war, in 
which Germany fared worse than any other country, destroyed 
wealth and well being, and for nearly a century crippled the 
scientific and commercial life of the nation. Traditional knowledge 
and practice in the arts and crafts was largely lost. Superstition 
and the spagyric art were revived and abstract alchemy flourished 
once more in Christian Europe as it had done in the Arabic world. 
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Whereas during the period described above, aromatic waters 
were used for medicinal purposes in Europe and more particularly 
(n Germany, in Asia fragrant drugs of vegetable and animal origin, 
also the aromatic waters and aromatized fatty oils prepared from 
them were used extensively in religious ceremonies and in per¬ 
fumery. Interesting accounts concerning these perfumes are 
found in the “Ain-i-Akbari”, the annals of the emperor Akbar 
(1542—1605) written in the Persian language by his historian 
Abul FazI toward the close of the 16. century.*) 

Lignalocs, which formerly played an important role, was 
comminuted and buried, thus causing the inferior portion to 
decay whereas the portion richer in resin, the pure lignaloes, 
remained. It was used for a variety of purposes; as a medicine, 
in perfumery and fumigation, as insecticide, etc. The oil of 
lignaloes, the Chuwah, is distilled by covering the comminuted 
wood with water in an earthenware flask, the neck of which is 
connected with a dish containing water. With the aid of a moderate 
fire the oil is driven over into the receiver. In order to remove 
the smoky odor, the oil is washed with water, the oftener the 
better. Concerning the history of rose oil, which was introduced 
into India by way of Persia, the following statement is made. 
In the imperial garden the bride of the emperor |ehanger observed 
a film on the surface of the canals which were supplied with 
rose water. This film she had colleeted and the oil thus obtained 
she named after her husband Atr-i-Jehingiri. Other fragrant 
waters, e. g. those prepared from orange and jasmine flowers, 
wore known by the collective name of Araq. The fragrant 
grasses Andropogon Schwnanthus, A. muricalus and A. laniger 
are met with under the names Hus and Abir Izkhir. Of resins 
storax, benzoes, frankincense and labdanum arc mentioned as 
being known. The last mentioned is described correctly as a 
substance obtained from C/stus, “a Cyprian and Chiotic tree”. 
It is also obtained from the beards of goats who have eaten 
Cistus leaves. This second quality is regarded as the better. 

Of camphor it is said that it was first found in a country 
not far from Ceylon. A substitute perfumed with camphor was 

') David Hooper, The perfumes of the Mosuls. Calcutta Review, Octo¬ 
ber IdtU. — Report of Schimmel & Co., October lUilT, 83. 
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also known. By means of it "people without a conscience tried 
to enrich themselves at the expense of others." Borneo camphor 
was also highly prized. 

Of minor importance are perfumes obtained outside of India, 
such as orris root, wormseed and patchouli leaves. 

Of animal perfumes ambra, civet and musk are mentioned. 

During the period under consideration all endeavors were 
directed toward the artificial preparation of gold. As a result 
there were more adepts during the 17. century than during the 
two previous centuries. .Many courts, suffering from want of 
money, became the fruitful fields cultivated by the adepts of the 
spagyric art. Of these, only very few attained practical results 
of any kind, as did, e./’., the alchemist Beettger (bom 1685, 
died 1719) who discovered the art of making porcelain. Chemically 
this poverty stricken century accomplished but little, l-’rinces, 
scholars, physicians, indeed members of all clas,scs of educated 
.society were open or .secret adherents and believers in the trans¬ 
mutation of the metals. 

Thc.se endeavors which forced into the background all true 
chemical research, appear likewi.se to have caused a prolonged 
stagnation in the art of distillation. During the 17. century it 
was practiced only by a few experimenters far away from the 
turmoil of war that raged on German soil. Among these should 
be mentioned in particular |oh. Baptists van Hcimont in Brus.scls 
(born 1577, died 1644), johann Rudolf Glauber in Amsterdam 
(horn 1604, died 1668), Nicolas Lcmcry in Paris (born 1645, 
died 171.5), and Wilhelm Homberg in Paris (born 1652, died 1715). 

During this period the practice was introduced of adding 
salts, such as common salt, potash, alum, and tartar to the 
water in the still. The object sought was to increase the gravity 
of the water so that the parts of plants might not so readily 
adhere to the bottom of the still and become empyreumatic. 
Presumably it was ahso observed in certain instances that an 
increased yield of oil resulted. The addition of hydrochloric acid, 
however, as recommended by Glauber must be characterized as 
going astray. 

Even with these assumed improvements, the art of distillation 
at the close of the 17. century still rested on the basis of 

Cillt.rmiHIIR, Tilt lOLAIIIt OILS. S 
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empirical experimentation. Neither was it advanced by the 
phlogistic theory, proposed toward the end of the century by 
1.1. Becher (bom 1635, died 1681) and more firmly established 
by G. E Stahl (bom 1660, died 1734), which theory permeated 
all chemical .speculation for more than a century. Even if this 
theory, that characterized the last transition period of theoretical 
chemistry, was ingenious and productive, and prepared the way 
for the chemical reformation that occurred toward the close of 
the 18. century, it failed utterly to throw light on the composition 
of the volatile oils. Moreover the elemental components of 
air and the constituents of water, also the elements of which 
minerals and rocks are composed were known only in part up to 
the middle of the 18. century. 

Renewed progress, however, in the manufacture and use of 
volatile oils is to be recorded during the eighteenth century. The 
technique of distillation was improved in the laboratories of the 
apothecary shops where the oils were largely distilled and a 
better product was prepared. The distilled oils were not only 
prepared on a larger scale and of better quality, but they found 
extended application not only in medicine, but also in the arts 
and in the household. The number of oils mentioned in municipal 
price ordinances and other literature up to 1500 had been only 
thirteen; in 1540 the number had increased to thirty-four and 
in 1589 to one hundred and eight oils. The Dispensalorium 
lioricum of Cordus mentions only three oils in 1543; the edition 
of 1552 mentions five; that of 1563 six; and that of 1589 fifty-six 
distilled oils. In 1708 one hundred and twenty oils are mentioned 
in the price ordinances of that time. 

The distillation of pure volatile oils and the skill to mix 
them so as to produce agreeably fragrant mixtures, not only 
stimulated the improvement of methods of preparation, but also 
their extended use. With the distillation of the oils of lavender 
and rosemary, a volatile oil industry, as has already been indicated, ‘) 
seems to have developed from small beginnings in southern France 
during the fifteenth and sixteenth centuries. In like manner, 
the perfume industry .seems to have had its origin. The pre¬ 
paration of “Hungarian water” in the sixteenth century by making 

') See p. -W. 
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an alcoholic distillate from fresh rosemary has already been 
referred fo.‘) During the seventeenth century, a /(armeliter 
Geist, an alcoholic distillate from balm and lavender,*) was 
Introduced. In 1725 johann Maria Farina of Cologne introduced 
his famous Eau de Cologne. The successful mixture of several 
odors and the prime quality of the oils u.sed proved an important 
stimulus to the manufacture of these oils.*) From these small 
beginnings the perfume industry gradually developed into the im¬ 
portant position it has held since the middle of the past century. 

With the increased importance of the volatile oils, more 
attention was bestowed upon their nature and composition. ' 
Boerhaave (bom 1668, died 1738), who at the beginning of the 
eighteenth century was professor of medicine, botany and chemistry 
at the University of Leyden, in his treatise on chemistry*) states 
that volatile oils consist of two elements; the one cruder and 
resinous, insoluble in water (mater)-, the other more subtle, 
ethereal, which can scarcely be weighed and which by itself is 
possibly gaseous (spiritus rector). The first part he considered 
to be common to all oils and a unit by itself. The characteristic 
odor and taste, however, of the various oils were due to the 
spiritus lector which was peculiar to each oil. It was water 
soluble and therefore gave to the distilled waters their odor, 
taste and medicinal virtue. The changes produced in volatile 
oils upon exposure to air and light were attributed, in harmony 
with this theory, to the escape of the spiritus rector.'-) 

This conception was perfectly in harmony with the belief, 
current during the middle ages and up to the 17. century, in 

') See p. 30. 

3 See the history of the oils ol lavender and spike. 

*) See the history of oil of balm. 

*f tilemenla e/icmix, qux anniversario lahorc dociiit in piiblicis priva- 
tivine scholis, Hermanniis Boerhaave. Tumus primus, qni enntinet historiam 
el artis theoriam. Tttmus seenndus. qui enntinet operatinnes chemiats. 
Lugduni Batavorum 1732 — Londini 1732, 1735 — Parisii 1732, 1733, 1753 — 
Lipsia: 1732 - Basilis 1745 — Veneti 1745, 1750. 

*) in hoc autem uleo essenliaii ruisus suhlilissimm, volaliiis. paiicus, 
acerrimns, vix ponderandns, spiritus iterum complecticnr iiiud omne, quod 
buic loti oico dahat banc vim; euqne abiatu nihil in oleo. . . . inqnisivi in 
pondus spirituum, invenire non potni est. (Boerhaave's Eiemenla chemiae, 
Tom. 2, p. 124-131.) 


5* 
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the subtle properties and medicinal virtues of aromatic plant 
substances and their aqueous distillates. With the assumption 
of the water solubility of the spiritus rector the distilled waters 
were naturally regarded as being charged in the highest degree 
with the medicinal properties of the crude drugs. Boerhaave’s 
dualistic theory concerning the composition of the volatile oils 
was therefore received as the most rational explanation of the 
firmly established belief in the efficacy of distilled waters, and 
was al.so accepted as a further argument for their retention in 
medicine. Even after the antiphlogistic nomenclature came into 
vogue after 1787, the spiritus rector was not discarded, being 
rebaptized as arome. 

The first chemists who discarded the dualistic theory of the 
volatile oils in their writings, and claimed that odor and taste 
are due to the oil as such, arc E. A. C. Gren,') Professor of 
Medicine in H.allc, and the French chemist Ant. Francois de 
Fourcroy") of Paris. The former exposed the untenability of 
Hoerhaave's theory in 1796, the latter in 1798. Indeed Fr. Hoff¬ 
mann (born 1660, died I74.'i), a contemporary of Boerliaave and 
professor at Halle, had not accepted the latter's theory without 
reserve. A many-sided investigator and writer, he had prepared 
and studied the volatile oils with great care.") Yet he had no 
clearer conception concerning the nature and composition of the 
oils than his contemporaries. He distinguished between oils 
obtained by expression, by destUktio per ascensuni and per 
Uescensuw.') He regarded sulphur as a fundamental principle 
ol all oils, the bituminous and empyrcumatic oils containing a 


Gren.s (iinm/riti t/tv Chvimv nach dc/i nviicstcn i.nfdcckimgen enl- 
worfvii mid/iiiti (ichuuKh dkddvmisthvr \’oihsung,eii emgerkhtet. Malle 17%. 
Vol. 2, p. 217. 

'■) Atiiial. de Chim. Jo (I7Q8), 232 and Fourcroy, Systbme dcs con- 
lutisMiKcs diimKfiH'.s. I^aris 1801. 

■) Ircdcrici Hoffniannii Opvru omnin phydco'incdica. Ih'tnio reiv.sa 
votu\U d kUcta. In ai'x fomo.'t didnbuUt. Genevx’1740—I70l Veneti 
1745, 17 Volumina - Mcapcl 1753, 25 Volumina. 

') The dvsUlLitio pvr dscensum corresponds to the method now generally 
used, allowing the vapors to pa.s.s upwards in the still and removing them 
from abt)ve. In the di'stHLaio pd dvscvniium the vapors were forced down- 
>^ard through the material and collected in a receptacle underneath the still. 
An incomplete extraction was thus effected. (Comp, chapter iV.l 
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relatively large amount of sulphur.') He also believed that the 
color and odor of oils was influenced by their larger or lesser 
sulphur content. 

It should be of interest to note that camphor which had 
been regarded as a volatile organic salt, was pronounced by 
Hoffmann to be a congealed volatile oil.*) He also made the 
observation that most of the commercial oils of his time were 
adulterated with turpentine oil, ohuni vini, alcohol and fatty 
oils.*) Further he determined the yield') and specific gravity*) 
of many oils. At the beginning of the 18. century, distillation 
was regarded as a well known and universally practiced method 
of laboratory technique. Hence the special interest of that period 
was directed mainly toward the determination of the yield of 
oils and the study of their properties. This interest was, no 
doubt, stimulated by Glauber’s suggestion to rectify by distil¬ 
lation with dilute muriatic acid oils that had become colored 
by age. 

Glauber’s views") and tho.se of his contemporaries were 
opposed by Hoffmann. He declared the employment of spiriws 
Mil's,') dilute sulphuric acid,') pot.ish, tartar and alum') in the 
distillation of volatile oils as useless, but consented to the use 
of common .salt. He argued that the addition of salt facilitated 
the separation of the oil particles and prevented decay; that 

') Frederic! Ftoffmannii Opem omnia pbyatat-modica. Demio revisa 
correcta ei aiwta. In sc\ tomos distribiita. Geneva; t740- t76t - Veneli 1745, 
Tom. 4, Liber t, p, 449—45i. 

Ibidem. Liber 72. Obscn',i//b t3, p. 44—50. 

•} Ibidem. Liber 67. Obser\'atia2, p.t-U. 

Ibidem. Liber 65. Obsenatio p. \--d. "De oleis destillatis ingue 
eorttm destillatione observanda." 

't Ibidem. Liber 72. Qbservatio 8, p. 27 — 30. "Gravitas specitic 
oleurum.” 

“) lohanni Rudolphi Glauberii hirni novi phihsophici. Lugdiini Bata- 
vorum i648 Amstelodami t648 Prap 1700. Pars t, p. 35, 36 et 41, et 
pars 3, p. 30. 

'■) Ibidem. Pars 1, p. 36. This was crude hydrochloric acid prepared 
by the distillation of common salt and alum or sulphuric acid. 

') Crell's Chem. |oum. 3 (1780), 30, — Pfaff’s System der Materia medka. 
1815. Vol. 4, p. 50. 

•) Glauberii Fumi novi pbilosopbici. Lugduni Batavorum 1648 — Prag 
1700. Pars I, p. 38 et pars 3, p. 3t. 
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it made the water "heavier” and thus prevented the settling 
and burning of the plant material; that it also purified the 
distillate.') 

In some instances recourse was again taken to the process 
of fermentation before distillation which was in vogue during the 
fifteenth and sixteenth centuries. This was done e. g. with 
juniper berries, wormwood, sage and other herbs, honey and 
yeast'-) occasionally being added. The old practice of previously 
moistening the plant material with alcohol") was also resorted 
to. In this manner a larger yield of oil was obtained but it 
would seem that the dilution of the oil with alcohol was not 
recognized. 

Downward distillation (destiUatio per descensum) was 
applied by Hoffmann') in the preparation of oils with high 
specific gravity such as the oils of cinnamon and cloves. This 
method was evidently regarded as being better because the 
dark colored oils thus obtained were supposed to contain 
more sulphur. 

With the incrca.scd use of volatile oils during the first half 
of the eighteenth century it became more and more desirable 
not only to prepare oils of good quality but to obtain the largest 
possible yield as well. As guides there appeared new treatises 
on distillation'') which had little more than the title in common 
with the older Destillirbucher. They treated not only of distilled 

') hr. Hoffmannii Opera omnia physico-niedka. Suppiementiim secundum. 
Geneva 1760. Pars 1, p. 730. 

*) Berlinisciies fatubuch fur Pbarmacic IHOt, 380. 

•') Demachy, iaborant im GroGcn, oder die Kunst die chemischen Pni- 
dukte fabrikmaSig zu verfertigen. Aus dem Franzdsischen uhersetzt. mit 
ZusStzen verseben von Samuel Hahnemann, der Arzneikundc Doctor und 
Pbysikus des Andes Gommem. Leipzig 1784, p, 238. 

*) Fr. Hoffmannii Opera omnia physico-medica. Tom. 4. Observationum 
seiectionim Hbri. 1717. Liber I, p. 440 -451. — Suppfementum secundum. 
1760. Pars I, p. 730. 

'^) Of thc.se the following are die more important; 

Die zum ailgemvinen Gebrauch woh! eingericbtctc Desti/lirkunst. 
Audi die Hereitung versebiedener destif/ierter WSsser und 0/c. Von C. H. 
Burghart. Breslau 1736. Neue Aufiage mit vielen ZusStzen von ). Christian 
Wiegleb. 1754. 

/)*i.v Brenncn der Wasser, Ole und Geister. Wobleingerichtete Destillier- 
kunst und neue ZusStze. Von G. H. Burghart. Breslau 1748. 
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waters, but also of volatile oils and spirit of wine. Coupled with 
the scientific problem of the distillation of the volatile oils was 
the commercial problem of the largest possible yield. 

Following the lead of Winthcr,') Boerhaavc and Hoffmann, 
a number of investigators of the eighteenth century ascertained 
the yield of oil obtainable from the more common aromatic plant 
products. Of these the following deserve special mention: 
joh. Fr. Cartheuser-) (born 1704, died 1769), Professor of Medi¬ 
cine, Botany and Chemistry at the University of Frankfurt-on- 
thc-Odcr; Caspar Neumann*) (born 1683, died 1737), a Berlin 
apothecary: Claude joseph Geoffroy (born 1685, died 1752), a 
Parisian apothecary; and Guillaume Francois Roucllc^) (bom 1703, 
died 1770). 

Their experiments were conducted on a small scale and 
with simple apparatus. Their results, however, published in their 

Tmi^ raisoim6 dv la distillation, on la distillation r6duitc tn principes 
ai'ec' an traits dcs odcurs. Par Dc/ean. Parrs 1753. — Deutsche Aii.sgabe, 
Altcnburi* 1754. 

rrait^ dcs odturs, Suite da traits de la distillation. Par Uefcan. 
Paris 17b4. 

') See p. 60. 

Cartheuser's researches on the volatile oils are contained In the 
following! of his treatises; 

Fundamenta materiae medics. Francofurt. ad Vladr. 1738 and edition 
of Paris 1752. 

Llementa Chymis dogrnatico-exper/mcntalis, ana cum synopsi Materis 
medics selections. Halla* 1736. Fditio secunda priore longc emendatior. 

Dissertatio chymico-physica de generids quifwsdam plantanim principiis 
bactenus negiectis. Francof. ad Viadr. 1754. Ifditio secunda 1764. 

Dissertatio pbysico-chemica medica de quihusdam Materis medics 
subjectis exarat. ac publice babet nunc iter, resus. Francof. ad Viadr. 1774. 

Dissertationes nonnulfs setectiores pbysico<bemics ac medics, varii 
argument! post novam tustrationem ad prelum revocat. Francof. ad 
Viadr. 1778. 

Pharmacohgia tisoretico-practica prslectlonibus academicts accommo- 
data. Berotini 1745. 

Caspar Neumann’s researches on volatile oils can be found in die 
second volume of his Cbymia medica dogmatico-experimentalis, order 
Grandhcbe mit Experimenten bewiesene Medizinsebe Qiemie. Pubti^ed 
by Christ. Hcinr. Kessel. 4 vols. Zullichau 1749—1755. 

') Geoffro/s and Rouelle's work on volatile oils was published in the 
Mimoires de I’academic royale des sciences de Paris for the years 1730 
to 1760. 



72 


Historical introduction. 


works and in journals,') were regarded as standard and were 
quite generally introduced into the literature on the subject 
Through the dispensatory of the English physician and chemist, 
William Lewis,-) the results of the above mentioned and of 
other continental investigators found their way into English 
literature. 

Aside from the publications already mentioned, the interest 
shown in the study of volatile oils toward the close of the seven- 
Icenlh and during the course of the eighteenth century is pos¬ 
sibly best shown by the number of dissertations on the subject 
which were written at German universities under the stimulus 
of a number of university teachers. ') 

In l7tW, Remler of hrfiirl collected and tahulnted the observations 
relative to the yield and properties of volatile oils published up to that year. 

A similar tabular compilation takin]> into consideration also the origin 
of the oils was published in the /oiirn.il Jc pfutiin.uiv for Au}<ust 1834 
by Kayhaud of Paris in connection with the industrial exposition of the 
previous year. A German translation appeared in Buchner’s Hepert. dvr 
/%irm. for UCL'i, vol. ."il, p. 54. Two further treatises on this subiect appeared 
by G. H. Zeller in IR.'iU and lHVi respectively in the /Miihiidi fur piukrischc 
Hitiruuuiv tind wfwuudtv I'aiiivr. The former appeared also as a separate 
under the lille of SUuhvn uher ut/ivnsLfiv Ov/v, Landau. 18.50; the latter 
under the title Aashfiuc mid iMrsfeffunp dvr iithcnschai Odv. Stuttgart, 1855. 

*1 The new Dispensatory: Containing the theory and practice of phar¬ 
macy, a description of medicinal simples, according to their virtues and 
medicinal qualities, the description, use and dose of each article etc. in¬ 
tended ns a correction and improvement of Quincy. London 1753. 

) The more important ones are herewith enumerated: 

1070. i)v ohonitn dvsttHatiorum naturu cf usii in getiere. fJmvrtalio ah 
David Kellner. Helmstadii. 

lo*^. Ik' ok'is dvstii/atis. ikssacrtaim ah Henrico Rosenberjt. )cnx\ 

1744. l)c ofeis dvsti/latis crnpyrx'umatias. Disscrtatio ah Christian Lindner. 
Irancofiirti ad Viadnim. 

1744. />e sah volatili olenso solido in oteis .vthvrcis nonminquam reperto. 
Ikasi'rtath ah fr. Gunther. Francofurti ad Viadrum. 

1745. Ikr oieis vvfietahihum essentiaiihus. Dissertatio ah A. Fr. Walther. 
Lipsijc. 

1740. Ik'spiritu rectore in rvgno anfmali, vegctahili et fossili, atmosphxrico. 
Dissvrtatio ah Gottfried de Xhora. Leyds. 

1747. iJc oltwrtim desii/Iatonim iisii mulPptK'e principiie in ca&tris. Dis~ 
sertatio ah )oh. Paul Ziegler. Altorfii. 

1748. hisaertatio chemica inauguraUs si&tcns Dnsimasiam concrctionum in 
minniil/is olvis ,vthereis ohstnatiim ah F. Hagen. Regiomontans. 
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The investigations reported in these dissertations, however, 
rest on false premises and, therefore, produced no valuable re¬ 
sults. Research based on the phlogistic theory and the doctrines 
of Boerhaave and Hoffmann concerning the constitution of volatile 
oils, could hardly be expected to yield results of any importance. 
As is well known, water was resolved into its elements as late 
as I7b6, the elements composing the atmo.sphere were discovered 
in 1774, and the phlogiston theory was disposed of in 1785. 

How crude the notions concerning the chemical n.iture of 
volatile oils were even at the time of Schocle, is .shown in a 
dissertation') of the year 1765 accepted by the University of 
)cna. From it the following propositions or conclusions arc quoted: 

“The essential constiUients ol volatile oils are of two kinds, solid .ind 
liquid. To the lir.st class bclonc sulphur, phloRislon, earth and salts; to the 
second class air, fire and water. The presence of the first is revealed by 
the inflammability ol the oils, for every obieci th.it burns with a flame con¬ 
tains much sulphur or phloRi.ston. The color as well as the coloMtion ol 
the oil likewise arRiie in favor ol their presence. Some oils arc yellow, 
others green or blue; with age, the colors become darker. As is known, alt 
coloration is due to particles ol sulphur or phlogiston. Such oils have a 
penetrating odor, which is caused by their content ol volatile saline sulphur 
particles. They, therefore, contain sulphur or phlogiston in sufficiently large 
quantities. 

“In the course ol time these oils are converted into a resinous mass, 
a change that is not conceivable without phlogiston. 

"Volatile oils always burn with a smoking flame. All soot, however, 
consists of earth, salt, water and phlogiston. When the oils are treated with 
nitric acid, a residue of earth and carbon remains. 

"Some volatile oils have a higher specific gravity than water. This is 
due to their larger content of earthy constituents and salts." 


1752. /Je olds cssenlislihiis lelherds eonimqiie mndo opomiili et im. 

Uisscrlotiu ,ih )ohann Friedr. Vangerow. Halla:. 

I75d. I)c aleis dostilbhs Mhem's. fl/ssertaf/o a/> Fr. W. Eiken. Helrastadii. 
I7b5. lie pariihiis oleorum sdhmiinim curisliliitivis. Disserlalh ab 
iohannes Christ. Schmidtius. (ena:. 

17b5. iJc partihus o/eoram aeUwmmm constitutms. Umertatio ab ). Fr. 
Faselius. |eni‘. 

1765. /Je o/e/s vegdabiliiini esseiilialibus, eorwmvi/e partibus cnaslitulma. 

Dissertatio ah W. B. Trommsdorfl. Erlurti. 

1778. Oa adulteralionibus oleum aethereorum. Dissertalio ab K. W. Chr. 
Muller. Goettingen. 

') De partibus oleorum sethereorum constitutms. Dissertatio inaug- 
uralis per johannes Christianus Schmidtius. jenae d. 30. Mxrz 1165. 
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Only a superficial insight into the nature of the volatile oils 
was obtained through the study of their properties and their 
behaviour toward strong chemical reagents, a study that was taken 
up at the beginning of the 18. century. Indeed, many of these 
experiments yielded no results whatever. This is true e. g. of 
the repeated distillations of volatile oils with chalk’) and burned 
lime, such as were undertaken by the otherwise excellent 
chemist Wilhelm Homberg (born 1652, died 1715) about the 
year 1700. 

A better knowledge was attained by careful observation. 
Thus the crystalline deposits formed in some oils upon standing, 
also the congealing of certain oils at lower temperatures, which 
had been observed by Valerius Cordus in 1539, by |oh. Kunkel 
in 1685, by |. H. Link in 1717, by Friedr. Hoffmann in 1701, by 
Caspar Meumann in 1719 and by others, were studied. The 
crystalline parts were regarded as a volatile salt, later as a 
camphor peculiar to each oil, at times also as benzoic acid.-) 
Fr. Hoffmann explained the congealing of oils of rose, anise and 
fennel by assuming the formation of a curdled modification of 
the oil. Caspar Neumann in 1719 and Cl. ). Geoffrey in 1726 
regarded the crystals formed upon standing as camphor.*) The 
formation of such crystals was observed by Caspar Neumann*) 
in the oils of thyme, cardamom and marjoram; in peppermint 
oil by H. I). Gaubius*) of Leyden in 1770; in oil of mace by 
). G. Wieglcb") in 1774; in the oils of lavender, rosemary, sage 
and marjoram by Arezula’) in 1785. They regarded these 

*) lifmoircs de f'aciid^mic toy ale des sciences de Paris. 1700, p. 298 
and 1701, p. 129, also C/tem. ti. hota/i. Ahhandlitngcn derAcad. d. Wissensch. 
zu Pans. Translated by Steinwehr. Vol, 3, pp. 155—157. 

*) Hasten, Dmerlatio chemica inauguralis sistens dosimasiam, concre- 
tiontim in nonmtllis oleis ittfiereis ohser\’ataivm. Regiomontana; 1748. 

P. I. Macquer’s Dictiotmaire de Chymic. Paris 17M). Deutsche Ohen 
setzung von \. G. Leonhard!. Leipzig 1781. Vol. 4, p. 465, footnote 9. 

■*) Mdnioires de racadimie royalc des sciences de Paris. 1726. p. 95. 

De sahhits alca/ino fixis camphora. Berolmi 1727. p. 105. 

'■) .Adversariorum varii argumenti liher unus. Letdae 1771. Sectio 7, 
p. 9Q~ 112. 

*) Vogel’s LebrsUze der Chemie. Mit Anmerkungen heraiisgegeben 
von ). Cl. Wiegleb. Weimar 1775. § 342. 

') pesu/tato de las e.xpcriencas hachas sotre alcanfor de Murcia con 
ikencia. Cn Segovia 1789. 
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separations as varieties of camphor, only ). G. Wiegicb thought 
them to be peculiar combustible salts.') 

The action of strong acids had been observed by Glauber^ 
as early as 1663. The effect of strong nitric acid on a number 
of distilled oils was studied by Olaus Borrichius") in 1671, by 
). R Toumefort*) in 1698, by Masse") in 1783; that of sulphuric 
acid by )oh. Kunkel") in 1700 and by W. Homberg') in 1701. 

A more detailed study of the action of strong acids on volatile 

oils was made by Friedrich Hoffmann') and by Cl.). Geoffroy’) 
in 1726 and by Roucllc'") in 1747. Upon distillation of oils with 
strong hydrochloric acid, especially if the acid was generated 

in an almost anhydrous condition in the experiment, it was 

supposed that compounds of the oil with the acid were obtained. 
Such a supposed compound was known to Homberg") as early 
as 1709, The preparation, however, of such a compound of 
definite chemical composition was first accomplished by Kindt'") 
an apothecary in Eutin, in 1803 by the action of gaseous hydrogen 
chloride on turpentine oil. 

The solubility and color of distilled oils also received attten- 
tion during the eighteenth century. Thus Macquer in 1745 published 
his investigations on the solubility of distilled oils in alcohol, which 
were the most extensive on this subject”) The color of oils 
and the changes in color were studied by Wilh. Homberg”) in 

’) See p. 74, footnote 6. 

*) R. Glaiiberii Pros/terit^h Germantx. Amsteiod. 1656. 

Acta medka ct pbihsophica Haffnienscs. 1671. p. 133. 

') fiiatoria regiit scientiarum academiit. Aiiturc dii Name). Parisii 
1701. p. 495. 

') Crell's Ncueste Entdcckungcn in der Chemic 0 (1783), 38. — Crell’s 
Chem. Annalen 1 (1785), 417. 

”) Lahoratorium chymicum. Hamburg 1716. p. 347. 

■) Chem. baton. Abhandtungen der kbnigl. Acad. d. W/ssensch. in Paris. 
Translated by Steinwehr. 1. 720. 

") OhservaUfrium phy.sicthchimicarumselectiorum. 1712. Liber 111, p. 123. 

*3 ti6moircs de Facad^mie royale des sciences de Paris. 1738, 95. 

'") ibidem. 1747, 45. 

") Chem. botan. Abhandi. d. kOnigl. Acad. d. Wissensch. in Paris. Trans¬ 
lated by Steinwehr. 3, 155—167. 

Trommsdorff's |oum. d. Pharmacie 11, II. (1803), 132. 

’•) M6moires de Facad6mie royate des ac/ences de Paris. 174«, 4. 

*‘) Chem. botan. Abhandi. d. kdnig!. Acad. d. Wissensch. in Paris. Trans¬ 
lated by Steinwehr. 3, 155—167. 
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1707 and by Jacob.). Bindhcim’) of Moscow in 1788. The latter 
arrived at the conclusion that the color depends on a larger 
or lesser amount of resin carried over in the process of distil¬ 
lation, hence the darker colored oils are apt to contain consider¬ 
able resin. Bindhcim also determined the yield of oils, especially 
of those of chamomile and peppermint, by distilling larger amounts 
of these herbs. 

In 1793 and 1794 Margucron studied the action of frost on 
volatile oils and observed the formation of crystals and congealing 
in connection with a number of the more common oils.'-) 

As has already been pointed out, the phlogistic theory 
afforded no sati.sfactory basis for the study of organic substances 
and consequently of volatile oils. With the discovery of oxygen 
by Schccle and Priesllcy during the years 1771'*) to 1774 and 
the ingenious interpretation of this and other discoveries by 
Lavoisier with the aid of the balance, a reaction against the 
phlogistic theory .set in which resulted In the inauguration of the 
present chemical period. The study of the chemical constitution 
of substances was placed on a rational scientific basis. Inorganic 
chemistry, having to deal with the simpler substances, profited 
first by the new theories of the opponents of the phlogistic 
school. Organic chemisty, and with it the study of the volatile 
oils, were benefited .somewhat later. 

Though of little consequence, the experience of the Dutch 
chemists Deimann, Troostwyck, Bond and Lauwerenburg') should 
here be mentioned. They passed the vapors of volatile oils 
through red hot iron tubes and examined the resulting gases. 
At the same time they made the bold attempt to synthesize oils 
by the action of ga.scous hydrogen chloride on olefiant gas. 

The first investigation suggested by the new theories that 
was of positive value, was the elementary analysis of turpentine oil 

Crell's Chem. Annaicn. 17SS, H. 219 and 488. 

*) lourn. de Chim. et de Phys. 2 (1794) 178. — Crell's Chem. Annalen, 
I7«&, II. 195, 310 and 430. 

’') A. E. von Mordenshidid, Scheele's nachgefassene Briefe and Auf- 
zviebnungen. Stockholm 1892. pp. XXI, 86,408, 458 and 466. — Riarm. Rund¬ 
schau (Mew York) II (1893), ^ and 48, 

*) loiira. de Chim. et de Phys. I7M, II, 178. — Crell’s Chem. Annalen. 
17W», II. 195. 310 and 430. 
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made by Houtton-Labilliardierc.') He found the ratio of carbon 
to hydrogen to be five to eight, the same that was later esta¬ 
blished for all hemiterpenes, terpenes, sesquiterpenes and poly- 
terpenes. 

Attention has already been called to the crystalline deposits 
that had been observed in the course of several centuries. These 
were mostly considered as identical with ordinary camphor be¬ 
cause like it they were volatile, soluble in alcohol and fatty oits, 
and burned with a smoky flame. Only in a few instances, 
however, had these deposits been proven to be identical with 
camphor. Ikrrelius,-) therefore, argued against the indiscriminate 
generic use of the term camphor. 

"Several writers have applied the term caniphor to all solid volatile 
oils. Thius a well known term of a commonly used substance has been piven 
a different mcaninc from the one of lone sunding. Because of this dis- 
.idvantaBe I felt myself constrained to disreB.ttd entirely this use of the word 
camphor.” 

In its place he suggested the use of the term stearoptcnc 
(from (iiKco, tallow, and .ni/m’, volatile). He pointed out the 
analogy existing between volatitc and fatty oils in so far as they 
can be a mixture of several oils having different congealing 
points. Thus oils may, under favorable circumstances, be separa¬ 
ted into an oil which is solid at ordinary temperature, the 
stcaroptenc, and one which is liquid at low temperatures, the 
elaoptene (from lutmr, oil, and .mp'/u', volatile.’') 

The result of this was that the solid deposits from volatile 
oils were thereafter designated alternately stcaroptcne as well 
as camphor. Up to this day the misuse of the term camphor 
has not ceased as becomes apparent from such words as cedar 
camphor, cubcb camphor, juniper camphor, etc. 

Soubeiran and Capitaine') made matters even worse by 
applying the term “liquid camphor” to the liquid hydrogen-chloride 
addition products of the terpenes. After it had been shown that 
true camphor contained oxygen, the term camphor in its generic 
sense was also applied to other oxygenated constituents of 
volatile oils though they were liquid. 

') loiirn. de Pharm. 4 (1818), 5. 

*) Berzciiu 5 . ichrhuch der Chemie. 3. ed. 1837. vol. p. 580. 

■) Berzelius, Lehrhucli der Chcmic. 3. cd. 1837. vo). 6, p. 580. 

') Liebifi's Annalen 34 (1840), 311. 
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In 1833 Dumas published an article entitled Ober die 
vegetabiiischen Substanzen, welche sich dem Campher nShern 
und Ober einige atherische Ole,') Although a number of im¬ 
portant observations of rather striking properties of individual 
oils had been made, the systematic study of the volatile oils 
may be said to have begun with the analysis of a number of 
stearoptenes by Dumas. He suggested the following classification 
of volatile oils: 

1. TKose that consist of carbon and hydroeen only, like turpentine oil 
and oil of iemon: 

2. Those that contain oxycen, iike camphor and anise oil; 

3. Those that contain sulphur,') like mustard oil, or nitrogen, like oil 
of bitter almonds. 

The elementary analysis of solid peppermint oil, camphor 
and solid anise oil revealed the composition C-H,,,' sO, CjH,'/iO 
and C 5 H,,' jO. By doubling these formulas of Dumas the modern 
formulas for the respective substances are obtained. 

Of the oxygen-free oils, he analyzed turpentine oil and the 
hydrocarbons of lemon oil, verifying the earlier results of Houtton- 
Labilliardicre. During the years 1833—1835, Dumas published 
further contributions on the subject of volatile oils, several jointly 
with Helouze and Pciigot. They pertain to artificial camphor 
(pinene hydrochloride), mustard oil, cinnamon oil, terpin hydrate, 
orris oil, pepper oil, oil of juniper berries and others. 

Almost simultaneously with the first publications by Dumas, 
Blanchet and Sell") published the results of their investigation 
which had been carried out in Liebig’s laboratory and which 
involved in large part the same substances studied by Dumas. 
The most noteworthy result of these investigations is the re¬ 
cognition of the identity of the stearoptcnc from fennel oil with 
that from anise oil. 

Several years later, in 1837, the highly important and very 

’) Liebic’s Annaten 0 (1833), 245. 

*) The fact that mustard oil contains sulphur was recognized by Thibierge 
in 1819 ()oum. de phartn. \ pp. 20, 4^ and 446; Trommsdorff's Neues journ. 
d. Pharm. 4, U. p. 250). That sulphuretted hydrogen is given off during the 
distillation of several umbelliferous fruits, such as caraway, dill, fennel, etc., 
Has pointed out by L A. Planche of Paris in 1820. (Trommsdorff's Meues 
)oum. d. Pharm. 7, I. p. 356.) 

’) Liebig's Annalen 7 (1833), 154. 
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interesting results of Liebig and Wochler’s work on bitter almond 
oil were published.*) As early as 1802 Schrader and Vauquelin 
had discovered hydrocyanic acid in the distillate of bitter almonds. 
In 1822 Robiquet showed that no volatile oil preexisted in the 
almonds, and with Boutron-Charlard he had prepared amygdalin in 
1830. They had not succeeded, however, in preparing bitter almond 
oil from amygdalin. That amygdalin is decomposed by emulsin 
into benzaldehyde, hydrocyanic acid and sugar was demonstrated 
by Liebig and Woehler. They also point out that the manner 
of formation of mustard oil must be closely related to that of 
bitter almond oil, for the mustard seeds deprived of their fatty 
oil possess no odor, this being produced only when water is 
present. The investigation of mustard oil by Will'*) in 1844 sub¬ 
stantiated this supposition. 

Chemists now became especially interested in the action of 
hydrogen chloride on various terpcncs and in the resulting hydro¬ 
chlorides, some of which were solid, others liquid; also in the 
study of terpin hydrate and its decomposition products. The 
study of the literature pertaining to these subjects is rendered 
difficult by the error of regarding mixtures of several substances 
as chemical individuals and describing them as such;*) further 
by the fact that almost every author, irrespective of the work 
of others, coined a nomenclature of his own.*) 

Crystalline pinene monohydrochloride had been discovered 
by Kindt,*) an apothecary, in 1803. He regarded it as artificial 
camphor, a view shared by Trommsdorff.") The true composi¬ 
tion of this compound was ascertained by Dumas in 1833. 

') Liebig's Annalen 32 (1837), I. 

’) Liebig's Annalen f>2 (1844), 1. A more complete insight into the 
mechanism of the reaction by which mustard oil is produced was supplied 
by the later investigations of Will and Koerner in 1863. Liebig's Annalen 
ISi (1863), 257. 

*) This conhision continued until Wallach cleared up the situation. 

') The historical development of this chapter of the chemistry of the 
terpenes is described in Terpem und Teipenderivate, einBeitngzurGeadtichte 
der Stheriachen Oe/e by E. Kremer's (Pharm. Rundschau 8 (1891), 55, tIO, 
159, 217, 237; and 10 (1892), 10, 31, 60; also Proc. Wise. Acad. Sc. Arts and 
Letters, 8, pp. 312-262). 

‘) TrommsdorfTs (oiim. d. Pharm. II, 11. 132. 

*) Ibidem, p. 135, 
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Crystalline dipcntcnc dihydrochloridc was discovered by Thenard 
in 1807. It is the sjIzsjuks Citroneno/, muriate of lemon 
oil, of Blanchet and Sell, the artificial lemon camphor of Dumas. 
These and similar substances were investigated by Soubeiran 
and Capitaine (turpentine oil), Deville (turpentine oil and elcmi 
oil), Schweizer (carvene) and Uerthelot (turpentine oil).') The 
formation of terpin hydrate and the action of acids on this 
substance was .studied principally by Wiggers, List, Deville and 
Uerthelot.-) 

A paper published about this time (1841) by Gerhardt and 
Cahours") is of special interest in so far as it contains a definition 
of a volatile oil which in a general way holds good to-day. It 
also makes known new methods of investigation. About oils in 
general the authors state: 

“There ,ire, indeed, but very few oils which can he cryst.'illi/ed; most 
oils arc liquid .ind consist ot .i mi'cture of two and even three peculiar 
substances, which rarely are obtained by themselves when distilled at different 
temperatures." 

The separation of the individual .stibstances is effected by 
first allowing any solid constituent to crystalli/e out, then the 
lower boiling hydrocarbon is isolated by distillation at a tempera¬ 
ture 20 30 below the boiling point of the crude oil.') Inasmuch, 
however, as the hydrocarbon cannot be completely freed from 
oxygenated constituents in this manner it is treated with fused 
alkali. The oxygenated consliluents also are subiected to like 

') Of laid mvcstieators of Ibis subject Oppenheim (I8b4), Hell and Ritter 
(1884), llouchardal and lalunl (I88p), .and lin.illy W.dlach (1884- 1887) may 
be mentioned. 

*) The s.iine Mibicet w.ts later investigated by Oppenheim (1804), Mawiu> 
ky (187^), TilUen (1878 - 7‘'>), IJonchard.it and Voiiy (1887). Merc al.so VVallach's 
cx.U't inve-stlgiitions re\e.iled the fact that different acids, as well as the same 
sicid in different degrees of concentration, produce different rCsSults. 

’) licbig’s Annalen 5Js (1841). o7. 

') fractional distillation, hox^ever, had been previously employed in the 
examination ol tolatile oils. As early as KS.J8 Waltei had subfected pepper¬ 
mint oil to interrupted distillation, fiehnnitviiv hvatiUdtion (Gmelin, Hand- 
huvh d Chi'ui. I4J, \ol. 7a. p. 4(14). In 1840 Volchel (I iebig’s Annalen .‘ft, 300) 
speaks of ••fractional di.slillation." Already iJlanchet and Sell in 1833 had 
applied hactionation with water \apor as a means of separation and had 
found that the lirst fr.iction of lemon oil boiled at 107 , the l.ist fraction 
at 173 . 
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treatment with fused alkali, and cumin oil is thus made to yield 
cuminic acid, oil of valerian valeric acid. 

Strong reagents were also employed by Rochleder, Persoz, 
Laurent and Cerhardt in order to obtain an insight into the nature 
of volatile oils. They oxidized either the entire oil or fractions 
thereof with chromic acid or nitric acid. Their investigations 
included the oils of valerian, sage, anise, staranise, fennel, cumin, 
cinnamon, tansy and estragon. The conclusions drawn from 
these oxidation experiments were in part correct, in part wrong. 
Thus e. g. Gcrhardt pointed out the identity of dragonie acid, 
obtained from estragon oil, with anisic acid, and claimed that 
estragon oil and anise oil were absolutely identical. This con¬ 
clusion was wrong, for the anethol of anise oil is paramethoxy- 
propcnylbcnzene, whereas the formation of anisic acid from 
estragon oil is due to the presence of paramethoxyallylbenzcne.') 

Moreover, this method rendered it impossible to decide whether 
a substance obtained after the oxidation preexisted in the oil or 
not. Thus camphor was found in .several oxidized oils and was 
regarded as an original constituent although, as was the case 
in the oils of valerian and sage, it had resulted from bomeol. 
Pcr.soz, however, seems to have had doubts as to the reliability 
of these conclusions, for he leaves it undecided whether the 
camphor obtained from oil of tansy was contained in the oil or 
not. As a matter of fact, tansy oil contains camphor as an 
original constituent,®) this being less readily attacked by the 
oxidizing agents than the other constituents of the oil. 

Of considerable importance in the further development of the 
chemistry of volatile oils are the investigations of Bcrthelot from 
1852 to 1863, which involve principally the hydrocarbons contained 
in these oils. He studied first of all the hydrocarbon of turpen¬ 
tine oil”) and its isomers and polymers obtained from its hydro¬ 
chloride. By heating pinene hydrochloride with barium stearate 
or sodium benzoate he obtained a new hydrocarbon which he 

') This difference was first ascertained in the laboratoiy of Schintmel 6 Co. 
(Report of Schintmel 6 Co. April 1N9S, 30) and verified by Orimaux in 1893 
(Compt rend. If*, 1189). 

*) Report of Schimmel 5 Co. October IDlfS, 4b. 

5 Compt. rend. U (1862), 496 and 544; also Liebig's Aimalen, Suppl. II. 
(1862-63), 226. 

CiLorNeiUTtK, The voutile oii». 
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regarded as “camphene proper’'^) and which is identical with 
the camphcnc of to-day. This new camphene was either dextro¬ 
gyrate, lavogyrate or optically inactive according to the turpentine 
oil employed. Bcrthclot, therefore, distinguished between the 
following hydrocarbons: 

1. Terehcntcne (/-pinene) from French turpentine oil, lavogyrate*) 
b. p. 161 ^ It yields a lo^vogyrate monohydrochforide, also under 
proper conditions an inactive dihydrochloridc (dipentene dihydro- 
chloride). 

2. Terccampltenc (/-camphene) from terebenlene hydrochloride, laevo- 
gyrate, m. p. 45 ', b. p. 160 . With hydrogen chloride it forms a 
dextrogyrate hydrochloride. 

3. Austra/cnc (</>pinene) from American turpentine oil, b. p. 161 ^ dextro¬ 
gyrate like its hydrochloride. Its behavior to hydrogen chloride is 
analogous to that of terebentene. 

4. Austracampficnc (d-camphene) from austraiene hydrochloride. It 
corresponds to terccamphene. 

5. hmtivc camphene (/-camphene) can be obtained by proper treatment 
from the hydrochloride of terebentene as welt as that of austraiene. 

6. Tercltenv,^) b. p. 160 . 

These six hydrocarbons arc isomeric and have the formula 
CmHifl. With these the following are polymeric: 

1. A liquid hydrocarbon boiling at 250' M-hich is probably a sesqui- 
tercbene, C|^HM. 

2. Diterebenc (Devillc's colophcne) an inactive liquid boiling 

at about 300 . 

3. Several polyterebenes optically inactive liquids becoming 

more and more viscid, which hoit between 360 and a dark red heat 

After a discussion of the methods of formation of the in¬ 
dividual hydrocarbons, Bcrthclot continues: 

') Soubeiran and Capitainc in 1S40 had applied the term camphmie to 
all hydrocarbons C&Hh (Liebig's Annalen :U, 311). 

*) The rotatory power of volatile oils was first observed by Biot in 1817 
in connection with French oil of turpentine (Memoires de I'Acad. des Sc. 18), 
later also with oil of lemon. The turpentine oil was shown to be isvogyrate, 
the oil of lemon dextrogyrate. In 1843, Leeson of London found that American 
turpentine oil possessed a rotatory power opposite to that of the French oil. 
This observation was soon after verified by Pereira and Guibourt. Pereira 
introduced the terms Ixvo-gyrate and dextro-gyrate (Riarm. loum. A [1845], 70). 

'‘) This substance which was considered a chemical unit by Berthelot 
was shown by Riban to be a mixture of a terpene, cymenc and camphor. 
Power and Kleber in 1844 found camphene, dipentene, terpinene and cymene 
in terebene. (Pharm. Rundsch. 18 11844), 16.) 
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In accordance with the known facts, the hydrocarbon Ct»Hia — e.g. tere* 
bentene — may be regarded as the starting point of two series; 

1. Of a monatomic or camphoi *) series (monohydrochlorides or chlorine 
esters ofcampho), CiuHnCl; camphene, CivHh; camphoi alcohols, 
C,oHi.O); 

2. Of a diatomic or terpit series (dihydrochlorides, CtoHi.CIt; terpilene, 
CtoHisi hydrate CtsHmOt). 

Each of these two series constitutes a larger group, which can be 
divided into secondary series (australene, terebentene, etc.) the parallel and 
isomeric members of which occur in twos; each has as type an inactive 
hydrocarbon, namely camphene in the first group, terpilene in the second. 

A similar, but much less detailed classification was attempted 
by Gladstone-) in 1864, after having determined the specific 
gravity, the index of refraction and the optical rotation of a 
number of oils. By means of fractional distillation he isolated 
the hydrocarbons of various oils, rectified them by distillation 
over sodium and arranged them into three large groups: 

1. Hydrocarbons of the tormiila Ci.H,. which boil between 160—170"'; 

2. Hydrocarbons of the formula Cu Hi. which boil between 249 -260"; 

3. Colophene, C,«H„, b. p. 315 , representine the third group. 

About this time the word terpenc was introduced, evidently 
by Kekule, In his Lolirbuch der orgMischcn Chemic (1866) 
vol. 2, p. 437, the following statement occurs: 

■■_ jnilrersi-its rlax Terpcntinill iiml die /alilreklKn mit Him rnmerni 

A'ohkim esserslolie, tvciclic im aiigemeinen als Terpene bezeklmel werdai 
niOgen.” 

His investigations, preceded by those of Barbicr and Oppen- 
heim were of considerable importance, inasmuch as by revealing 
the relations between the tcrpencs and cymcnc, they threw new 
light on the molecular structure of these hydrocarbons. 

Almost simultaneously Barbicr") and Oppenheim*) obtained 
cynienc by heating the dibromidc of terpin either by itself or 
with aniline. By the action of iodine on turpentine oil, Kckuld*) 
obtained the same hydrocarbon. He, therefore, thought himself 

•I Berthelot changed the name homeol to camphoi. Uebig’s Annalen 
HO (1859), 368; from Compt. rend. 4< (1858), 266. 

■') )oum. chera. Soc. I! (1864), (. A second contribution appeared eight 
years later. Ibidem, 25 (1872), I. 

*) Compt. rend. 74 (1872), 194. 

‘) Bert. Berichle 5 (1872), 94. 

') Bert. Berichte 0 (1873), 437. 
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justified in supposing six atoms of the turpentine oit to be arranged 
in similar manner as in benzene. Further, that the methyl and 
propyl groups in the turpentine oil occupy the same relative 
positions as in cymene.’) 

This view of the constitution of the terpenes was the pre¬ 
dominant one for a long time. It is only recently that researches 
have revealed facts not in harmony with this view. With this 
the question of the constitution of the terpenes had its origin. 
Important in this direction was also the synthesis of a terpene — 
the polymerization of isoprenc to dipentene - - by Bouchardaf^ 
in 1875. 

In the same year, Tildcn“) found that the hydrocarbon of 
turpentine oil combines with nitrosylchloridc to form a well 
cry.stallizing compound. Together with Stenhousc, he applied 
this reaction to the terpenes from the oils of sage, orange, lemon 
and bergamot. On the behavior of these hydrocarbons to nitrosyl¬ 
chloridc he based a new classification, concerning which he 
makes the following statement: 

"The natural terpenes are colorless limpid liquids which vary in specific 
gravity from about 0.84 to about 0.8b. They are divisible into two groups 
as follows: — 

1. Turpentine group: b. p. 156' to 160 ; m. p. of nitroso-derivativc 129 ; 
form .solid crystalline hydrated terpin CioHsuOxH^O. 

2. Orange group: b. p. 174 to 176 ; m. p. of nitroso-derivative 7\*; 
form (by Wigger's process) no solid crystalline terpin hydrate.^) 

The liquids included in each group are allotropic modifications of the 
same hydrocarbon distinguished one from another by their various rotatory 
action on the polarized ray. It will, however, be found I believe that the 
terpens from several different plants will on further examination be con¬ 
clusively proved to be really identical and not simply isomeric. This, I believe, 
to be the case with the terpenes from i rench turpentine and sage, also with 
the terpenes from orange pee), bergamot and lemon.” 

Tildcn’s prediction, that the number of terpenes would be 
shown to he much smaller than assumed in his days, has proven 

') Kekulc's formula for camphor was based on the same consideration. 

•) Compt. rend, (1875), 1446. 

') lourn. chem. Soc. (1875). 514; tNdem, 81 (1877), 554; Pharm. 
lourn. HI. S (1877), Wt. 

M This statement is incorrect, for dipentene and limonene likewise 
produce terpin hydrate. Comp. Hnckiger, Arch, der Pharm. Hi (1884), 362; 
also Kremers, Americ. chem. )oum. 1”, 695. 
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itself true. His classification, however, was insufficient, for it 
included only a small number of terpenes. Indeed the material 
at hand was not sufficiently sifted for an attempt of that kind. 
It consisted of a large number of disconnected observations, the 
study of which was rendered difficult by an arbitrary nomenclature. 
Only by a systematic exploration of this disorderly realm could a 
clear insight into the subject be gained. 

That we are able to-day to distinguish sharply between so 
many terpenes and their derivatives is due primarily to the excellent 
experimental researehes of Otto Wallach, the founder of modern 
terpene chemistry. 

Inasmuch as it was impossible to isolate the numerous ter- 
penes boiling between 155 and 185 by fractional distillation, 
methods had to be sought which enabled the characterization 
of these hydrocarbons, even in mixtures, by means of crystalline 
derivatives. Only after the characterization of the numerous 
isomers w,ts accomplished was it possible to study successfully 
the relation of one terpene to another, the relation of the ter¬ 
penes to their oxygenated derivatives, and the problem of their 
constitution. 

These problems have been solved in so far that it is now 
possible to identify many if not most terpenes without great 
difficulty. The inversions, or changes from one to the other, 
are also better understood. The problem of their constitution, 
however, is still far from a satisfactory solution, though structural 
formulas have been proposed for a number of the terpenes. 

In 1884 Wallach') began his researches on this subject with 
the investigation of the oil of wormsced (Oleum cinx). Three 
years later he was in a position to characterize eight terpenes 
by means of crystalline derivatives (tetrabromides, hydrochlorides, 
hydrobromides, nitrosites etc.), viz. pinene, camphene, limonene, 
dipentene, sylvestrcnc, terpinolene, terpinene and phcliandrene. 

') Wallach's contributions are to be found in the following volumes of 
Liebig’s Annalen; 225, 227, 230, 238, 239, 241, 245, 240, 252, 253, 258, 259, 
263, 264, 268, 269, 270, 271, 272, 275, 276, 277, 278, 279, 281, 284, 286, 287, 

289, 291, 296, 300, 302, 305, 306, 809, 312, 313, 314, 315, 319, 323, 324, 327, 

329, 331, 332, 336, 339, 340, 343. 345, 346, 347, 350, 353, 356, 357, 359, 360. 

— Several papers from his pen are to be found in the Berl. Bcrichte 28 (1890) 

to 40 (1907). 
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To these fenchene was added later. The sesquiterpenes were 
also included in his investigations. Three of these were well 
characterized, viz., cadinene, caryophyllene and clovene. The 
reactions that were applied were for the most part first studied 
in connection with simpler substances. Thus a series of con¬ 
tributions resulted including amylene, indene, methylindene, ane- 
thol, isosafrol etc. 

Hand in hand with these investigations, researches were con¬ 
ducted with the oxygen derivatives of the terpenes which have a 
greater capacity for reaction. Of these even less was known. Like 
the terpenes, they were characterized by crystalline derivatives. 

The genetic relationship between the terpenes themselves 
and also that existing between the terpenes and the oxygenated 
constituents of the volatile oils was revealed by transforming 
the one into the other. These changes were of the greatest 
importance in the study of the chemical constitution of these 
compounds. Moreover, this study yielded numerous new com¬ 
pounds, among them such as methylheptcnone, which are found 
in volatile oils. Mention may here be made of the relation 
existing between the terpenes, terpin hydrate and the tcrpineols; 
between the members of the carvonc group; of cincol; and of 
the first synthetic oxide of a terpene, the pinol and its hydrate. 
Mention may also be made of the more recent work on terpinene, 
the terpincnol, terpinene terpin and terpinene cineol and their 
relation to sabinene and thujene. As a chapter by itself, mention 
should he made of the study of the camphor and fenchone groups, 
which were made possible by the discovery of the latter ketone 
and its optical isomers. These studies led to the preparation 
of numerous new derivatives as did also those connected with 
the discovery of thuione. 

When the cleavage of pulegone made t,3-methylheptenonc 
a readily accessible substance, the study of alicyclic compounds 
resulted in a considerable number of papers. These substances 
are mostly closely related to the terpenes and their derivatives. 
Hence many a reaetion was first studied in connection with 
these simpler substances in order to be applied later to the more 
complicated terpenes. These simpler substances, e. g. isopropyl 
hexenone, nopinone, sabinaketone having been obtained from 
other terpene derivatives, were in turn used for synthetic pur- 
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poses. In this connection methods of condensation were studied, 
especially those with brom substitution products of the fatty 
acids. Thus were accomplished the syntheses of menthene, 
phellandrene, terpincne, ,f-pinene, fenchene, and of homologues 
of the terpenes. 

An important place in Wallach’s researches is occupied by 
the successful efforts to unravel the isomeric complications so 
prevalent in the terpcne group. Thus special investigations dealt 
with the study of optical isomerism, molecular refraction, cleavage 
of cycles as well as their formation, hydration and other physical 
and chemical problems. 

After Wallach had removed the principal difficulties in the 
investigation of volatile oils, other chemists also developed a 
successful activity. A. v. Baeyer's valuable investigations into the 
constitution of the terpenes and related compounds appeared in the 
lierichte der deutschen chemischen Gesellschaft since 1893. 

Whereas Wallach and v. Baeycr investigated primarily the 
cyclic compounds, Scmmicr paid special attention to chain 
compounds. He showed that the alcohols gcraniol and linaiool 
and the aldehydes citral and citroncllal, which occur frequently 
in volatile oils, arc chain compounds; also that they, like the 
more or less closely related cyclic compounds, can be converted 
into cymcnc. Later, Scmmler’s activity extended to practically 
all fields of volatile oil and terpene chemistry. Of the terpenes 
he examined sabinene, camphene, phellandrene, camphenilone. 
Among other problems, Scmmicr cleared up the constitution of 
buchu camphor, of santalol and of myrtenol. To him we are 
also indebted for our knowledge of the constituents of the oils of 
asarum, of East Indian sandalwood, of pilea oil, ayapana oil, etc. 
Practically all of his results have been published in the Be- 
richte der deutschen chemischen Gesellschaft.') 

In this connection the work of Tiemann and his colaborers, 
which began with the nineties of the past century, should be 
mentioned. This included the isolation of irone, the principal 
constituent of orris oil; later this led to the synthesis of ionone, 
which possesses the aroma of the violet. In this connection he 
published numerous articles on the chemistry of citral. 

') Berl. Berichte S (1890) to 41 (1908). 
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To these fenchene was added later. The sesquiterpenes were 
also included in his investigations. Three of these were well 
characterized, viz., cadinene, caryophyllene and clovene. The 
reactions that were applied were for the most part first studied 
in connection with simpler substances. Thus a series of con¬ 
tributions resulted including amylene, indene, methylindene, ane- 
thol, isosafrol etc. 

Hand in hand with these investigations, researches were con¬ 
ducted with the oxygen derivatives of the terpenes which have a 
greater capacity for reaction. Of these even less was known. Like 
the terpenes, they were characterized by crystalline derivatives. 

The genetic relationship between the terpenes themselves 
and also that existing between the terpenes and the oxygenated 
constituents of the volatile oils was revealed by transforming 
the one into the other. These changes were of the greatest 
importance in the study of the chemical constitution of these 
compounds. Moreover, this study yielded numerous new com¬ 
pounds, among them such as methylheptcnone, which are found 
in volatile oils. Mention may here be made of the relation 
existing between the terpenes, terpin hydrate and the tcrpineols; 
between the members of the carvonc group; of cincol; and of 
the first synthetic oxide of a terpene, the pinol and its hydrate. 
Mention may also be made of the more recent work on terpinene, 
the terpincnol, terpinene terpin and terpinene cineol and their 
relation to sabinene and thujene. As a chapter by itself, mention 
should he made of the study of the camphor and fenchone groups, 
which were made possible by the discovery of the latter ketone 
and its optical isomers. These studies led to the preparation 
of numerous new derivatives as did also those connected with 
the discovery of thuione. 

When the cleavage of pulegone made t,3-methylheptenonc 
a readily accessible substance, the study of alicyclic compounds 
resulted in a considerable number of papers. These substances 
are mostly closely related to the terpenes and their derivatives. 
Hence many a reaetion was first studied in connection with 
these simpler substances in order to be applied later to the more 
complicated terpenes. These simpler substances, e. g. isopropyl 
hexenone, nopinone, sabinaketone having been obtained from 
other terpene derivatives, were in turn used for synthetic pur- 
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also a very meagre description of the physical properties of the 
oils and their behavior toward reagents. Maier's') later treatise 
also takes into consideration the scientific investigations. The 
methods of preparation and the subject of distillation arc described 
in detail by Mieriinski. A similar work was written by Askinson. *) 
f)ie ToUctten-Chemic of Hirzel,*) which passed through four 
editions, also "The art of perfumery" by Picsse,') which was 
translated into several languages, may here be mentioned. 

The results of the earlier papers by Wallach are contained 
in the excellent work of Bornemann,') whereas the Odorographia 
of Sawer') emphasizes the botanical side of the subject. 

Indi.spcnsable to scientific work on the chemistry of the 
terpenes was the monograph of F. Heusler") which comprises 
the otherwise scattered literature up to the close of the last 
century. Translated into Engli.sh by F. |. Pond’) and supple¬ 
mented, It was published in the U. S. in 1892. Restricted to the 
sesquiterpenes is the smaller monograph by 0. Schreiner.'") 

Shortly after the appearance of Die dtherischen Ole by 
E. Gildemeister and Fr. Hoffmann, a similar work in French was 
published by Charabot, Dupont and Pillct,") another in English 
by E. j. Parry.'") 

') Dr. lulius Maicr, IJk Slhcrischen Ole, ihre Gewinnang, cheminchen and 
phxsikalischenEigeiKchallen.ZiisHmmeiiseUiingii.Aimenduiig. Stuttgart 1867. 

"I Dr. Stanislaus Mierzinski, Die Fahrikathn der Uheriaehen Ole und 
gieclistolle. Berlin 1872. 

') Dr. George William Askinson, Die lahrikatlon der atherimhen Ole. 
Wien 1876. 

*) Dr. Heinrich Hirzel, Die Tailetten-Chemie. Leipzig 1864 and sub¬ 
sequent editions. 

T S. Piesse, The Art ol Perfumery. London 1862 and subsequent editions. 

") Dr. Georg Bornemann, Die itiichtigen Ole des Pflanzeareicha, ihr Vor- 
komaien, ihre Gewinnang und Cigenschallen, ihre Untemuchang and Ver- 
wendang. Weimar 1891. 

’) |. Ch. Sawer, Odorographia. London IM2—1894. 

') Dr. Fr. Heusler, Die Terpene. Braunschweig 1896. * 

1 The Chemistry ol the Terpenes by F. Heusler. Authorized Translation 
by Francis |. Pond. Carefully revised, enlarged and corrected. Philadelphia 1902. 

'") 0. Schreiner, The Sesquiterpenes. A Monograph. Milwaukee 1904. 

"I E. Charabot, |. Dupont et L. Pillet, Lea huiles easentiellea et lean 
ptincipaux coastituanla. Paris 1899. 

'*) Ernest |. Parry, The Chemistry ol Essential Oils and Perfumes. 
London 1899 and 1910. 
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Dealing primarily with artificial perfume materials, but also 
with natural products, the smaller works by ). M. Klimont,*) 
E. Charabot,*) P. )eancard and C. Satie,’) G. Cohn*) and R. Knoll') 
should be mentioned. 0. Simon’s") book deals exclusively with 
analysis. 

Also indispensable to the terpene chemist working along 
.scientific lines arc the excellent treatises on related subjects 
by C. Harries*) and 0. Aschan.") 

Die Stherischen Ole is the title of a large four volume 
work by Scmmlcr") published between 1905 and 1907. It is 
replete with references to original literature and treats of all 
substances found in volatile oils and might well have been tabled 
“Chemistry of the constituents of the volatile oils.” Pinally, 
there should be mentioned the recent French book on volatile 
oils by Durvelle.'") 

This extraordinary growth of our knowledge of the volatile 
oils during the past twenty-five years has had a very stimulating 
effect on the practical development. Hence, parallel with the 
scientific development, the indu.stry of volatile oils and artificial 
perfumes has to record a vigorous growth. Older factories, 
having outgrown their former quarters, had to be enlarged, and 
a number of new factories, both foreign and domestic were 
established. 

The progress made in the investigation of the composition 
and properties of the volatile oils has resulted in a similar 

') |. M, Klimont, Div synthclischen undisoHetten Ammstica. Leipzig I8W. 

’) E. Charabot, Les Parfums artificiels. Pahs 1900. 

’) P. leancard et C. Satie, AhrdgA de la Chimie das Parfums. Paris 1904, 

*) G, Cohn, Pie Hiecltsltiffc. Braunschweig 1904. 

’“I R. Knoll, Synthetisede und isoUerte Hiechstoffe und deren Par. 
stellung. Halle 1908. 

"I 0. Simon, Lahoratoriumsbuch fur die Industrie dcr Piecdstoffe. 
Halle 1908. 

*) C. Harries, Einkemige dydroaromatisede Verbindungen einsedlieSlied 
der Terpene und Campderarten. Ersedienen im Ledrhued der organiseden 
Chemic of Victor Meyer and Paul facobson. Leipzig 1902. 

') O.AsedantCdemiederalicyciischeuVerhindungen. Braunschweig 1905. 

") F. W. Semmler. Pie Stderischen Ole nacd idren edemiseden Bestand- 
leilen unter Berdcksicdligung der gescdkdtlicden Entwicklung, Leipzig 
1908-1907. 

'"11. P. Durvelle, Fabrication des Essences et des Parfums. Paris 1908, 
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development of the analysis of these oils. Hence the pharma- 
copsial requirements concerning the volatile oils have become 
more specific and exacting. Hot only are pure oils demanded, 
but such that are rich in active constituents. However, the 
great variation existing in the requirements of the several 
pharmacopceias, merely reveals the fact that the composition of 
these natural products as well as the variation to which they 
are subject, has not yet been sufficiently investigated. Hence 
the methods of testing still leave much to be desired. If this 
is true of the oils used medicinally, which as a rule arc among 
the better known oils, this lack of knowledge is felt even more 
among the non official and lesser used oils. The recent rapid 
scientific and technical development of this field, however, 
justifies the hope that the present defects will be removed in 
the not distant future, and that problems still to arise will also 
be solved in a satisfactory manner. 



111. HISTORY OF INDIVIDUAL VOLATILE OILS. 


TURPENTINE OIL. 

The oiLs obtained by the di.stillation of the oleoresins of 
various Abietinex were known to the ancients as cedar oil 
and later became known as turpentine oil. The 
oil as well as the resin, the colophonium, were used by seafaring 
people. The preparation of turpentine oil, as recorded by Dios- 
coridcs, is de.scribed in the next chapter. Taking into consider- 
.ition the perfection of varnishes and lacquers employed by the 
Chine.se, it may be supposed that coniferous oils were distilled 
and u.sed by them. However this may be, the oils of the 
Abiclinex obtained in a crude manner have evidently been the 
first volatile oils that found commercial use and technical 
application. 

The name turpentine oil seems to have been introduced 
during the period of Greek civilization. Like the older synonyms 
(cedar oil, etc.) it apparently was used as a collective term. It 
is of Persian origin,’^ and may have been derived from the name 
of the resinous exudation of the Cyprian species Pisiacia tere- 
binthus, L. 

As far as is known to history, the preparation of turpentine 
oil probably had its origin in the Caucausus and its south-western 
spur.s. In central Europe it became known during the middle 
ages, somewhat later also in northern Europe. The North 
American industry had its origin in the dense and extensive pine 

') Herodoti Historian. Lib. il. 85. Dioscorides, De materia medica, 
Lib. 1. 34, 3Q, 80. Editio Kuhn>^rengel 1829. 1, 93. — Plinius, Naturaiis 
historix fibri, Lib. XV, cap. 6—7 and Lib. XVI, cap. 22. 

*) Huckiger, Pharmakoffnosie, ed., p. 77. 
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forests of the South Atlantic States and developed in the 
beginning of the eighteenth century especially in Virginia and 
Carolina.') 

Inasmuch as the crude turpentine oil found little or no use 
in either household economy or in religious rites, it is but seldom 
mentioned in early literature. Attention has already been called 
on pp. 17, 29, 30, and 38 to mentionings by the older writers. 
Since its introduction into medicine, the mediaeval works on 
distillation and materia medica make mention of the oil. In 
addition to the references by A. Villanovus and R. Lullus, who 
lived in the thirteenth century, to which attention has been 
called on pp. 31 and 33, mention is made of oil of turpentine 
by the following writers of the fifteenth century: Saladinus of 
Asculo-’) and the canon johann of Santo Amando of [)oornyk‘); 
during the sixteenth century by Walter Ryff,*) Conrad Gesner,’) 
)oh. Baptista Porta,*) Valerius Cordus') and Adolphus Occo.") 

Attention has already been called to the synonymous usage 
during the seventeenth century of the designations of alcohol 
and turpentine as aqua ardens and spiritus. Tlic name Spiritus 

*) Prof. Peter Kalm's f^eise nuch dem nflrdlichen Nordamerika im jahre 
t748- 1749. Gottinger Sammfung rteiier and merkwGrd/ger ticfsfn tu Wasscr 
und zu Lartde. 3 vol. Gdttinffen 1754. Vol. 2, pp. 416, 556; vol. 3, pp. 293, 
305, 523. 

)ohann David Schdpf, Afo/se durch einige dcr mitthran und audlhhcn 
Staatvn von Nordamerika in den Jahren 1783 1784. 2 vol. Eri^gen 1787. 
Vol. 2. pp. 220, 223, 273. 

F. A. Mtchaux, Histoire des arbres foresters de PAm6riqiie aeptentrio‘ 
nale. Paris 1810. 

Saladini Asculani Compendium aromatariorum. Venetii 1488. index. 

*) Expositio }anis de Santo Amando supra antidotarii Nicolai incipit 
fdidter. "Oleum de terehinthina tit similiter per sublimationem, et est 
clarum ut aqua fontis . . . et ardet ut ignis grsecus cum oleo benedicio etc." 
Turpentine oil is mentioned fol. 228b of the edition of 1589 already referred 
to on p. 25, footnote 2. 

Gualtherius Ryff, New groB DcstiUirbuch wold gegrundeter kQnst- 
licher Destination. Francofurti 1K6, fol. 180. 

'‘) Ein kOstlicher theurer Schatz Euonymi niiliatri darinnen ent- 
batten sind vil beymlkber guter stSck der artzney. Editio 1K5. Vol. 1, 
p. 238. 

") Gio. Batt. Port£ Magise naturatis tibri viginti. ^itio 1589. 

■) Dispensatorium Noricum. 1546. 

■*) Pitarmacopcea pro Repubtica Augustana. 1564. 
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terebinthinx has maintained itsel! as a popular term up to this 
time. As huHe xlheree it seems to have been first designated 
in the year 1700. 

The early observations made in connection with oil of 
turpentine concerned its behavior at low temperatures. As early 
as 1794 Margucron') claims to have observed that the oil, when 
reduced to a temperature of —22' R solidifies to a crystalline 
mass. Crystals had already been observed by Cl. jos. Geoffrey 
in 1727 in the neck of the retort while distilling the oil. In con¬ 
formity with the practice of designating as camphor all solid 
substances separating from volatile oils, these needic-like crystals, 
presumably pinol hydrate, were called turpentine camphor. 

While making the socalled Liquor antarthriticus Fbttii, in the 
preparation of which hydrogen chloride is passed into turpentine 
oil, the apothecary Kindi '•’) of Eutin, in 1803 obtained a solid crystal¬ 
line mass*) which he considered to be artificially prepared camphor. 
This compound was examined by Ciehlcn') and by Dumas.*) The 
first elementary analysis of the oil was made by Houton-Labil- 
liardiere") in 1817. In the same year this oil served as the first 
volatile oil of which the angle of rotation was ascertained. 


AMERICAN TURPENTINE OIL. 

The enormous turpentine industry of the United States had 
its origin in the large pine forests of North and South Carolina, 
Georgia, and Alabama. Up to the middle of the last century 
the products of this industry were tar and pitch which were 
used principally in ship building and as naval supplies and hence 
were termed "naval stores'’.^ The distillation of turpentine oil 

') loiirn. dc Chim. « de Phys. 2 (I7d4), 178. - Crell’s Chem. Annalcn 
i;!)5. II. I»5. 310 .iiid 430. 

-) Troinnisdorff’s |oum. der Pharm. II, 11. (1803), 132. 

•'') Pincncmonochlorhydrate CioHnCl. 

Gehlen’s Allt<em. |ourn. fur die Chemie U (1819), 462 -469. 

'■) Annal. de Chim. et Phys. 1). (1833), 400, — Liebig's Annalen » 

(1834), 56. 

") lotirn. dc Pharm. II. 4 (1818), 5. 

) The oldcsl mention concerning tar and pitch, and the preparation of 
turpentine in Virginia is to be found in vol. 1 of the "Calendar of State 
Papers. Colonial Scries" for the year 1574 to tt>60 in the Public Record 
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seems to have begun as late as the middle of the eighteenth 
century in North Carolina and Virginia, Professor Kalm. the 
Swedish traveler, who is known as a careful observer, and who 
explored the Atlantic provinces of the then British colonies from 
Quebec to Virginia during the years 1749 and 1750, reports 
concerning the preparation of tar and pitch only.') Later travelers 
and reports first make mention of the preparation of turpentine, 
turpentine oil and colophony in Carolina. Among these are 
Dr. Johann David Schoepf, who traversed the Atlantic States 
from Canada to Florida-) in 1783 and 1784; also Fran 9 ois Andrd 
Michaux, who about twenty years after the longer stay of his 
father, the well known botanist Andrd Michaux, traveled in North 
America at the beginning of the nineteenth century.*) 

Up to the year 1820 the consumption of turpentine, turpen¬ 
tine oil and colophony was restricted to the limited demands of 
the home industries. The exportation of oil and rosin to Eng¬ 
land was unimportant. Up to 1830 the manufacture of turpentine 
was restricted to the coast; between the Tar river in the north, 
and Cape Fair river in the south; while the ports New Bern, 
Wilmington and Washington in North Carolina served as collective 
points. The distillation of turpentine was conducted in cast 
iron stills. , 

At the beginning of the thirties the application of turpentine 
in the industries experienced considerable extension. This was 
caused primarily by the increased use of paints accompanying 
the increase in wealth; by the development of the varnish, 

Office in London. Of the year IhfO this volume contains "Instructions for 
suche thinees as are to be sente from Virginia," also a printed pamphlet; 
"The Booke of the Commodities of Virginia.” Both mention pitch, tar, rosin 
and turpentine among the products of Virginia. The former also contains brief 
directions for the method of preparation of turpentine which is still in vogue. 
(Dan. Hanbury, in Proceed. Americ. pharm. Ass. f# [1871], 49t.) 

') Tfe/sc nac/t dem nOrdUchen Notdamerika im Jahrv t748 bis 1750 von 
Prof. Peter Kalm in Qbttingsche Sammiung ncucr und merkwurdiger Reiaen 
211 IVartser and ztt Lande. Gdttingen 1754—1784. Vol. 2, pp. 418, 474; vol. 3, 
pp. 305, 523. 

•) Raise durcb einige der miWeren und audiichen Vereinigten iiord- 
amarikaniseben Siaaten in den Jabren t7S3 und i784 von Dr, fohann David 
Schopl. Erlangen 1788. Vol. 2, pp. 141, 247 252. 

•■I Histoire des arbres torestieis de rAmbrique aeplentrionale, par 
F. Andrd Michaux. Paris 1810. Vol. 1, p. 73. 



96 


Historical introduction. 


lacquer and caoutchouc industries; and, finally, by the use of 
a mixture of turpentine oil and alcohol as an illuminating agent, 
which had been introduced since 1839 as camphine and under 
other fanciful names. Up to the introduction of petroleum pro¬ 
ducts (kerosene) about 1860, this was the cheapest illuminating 
material. The improvements, made in the course of the thirties, 
by Comstock, Hancock, Macintosh, Chaffee and especially by 
Luedersdorff in the processes employed in the caoutchouc in¬ 
dustry did much to bring about a larger consumption of tur¬ 
pentine oil. 

This Increase in the consumption brought about an increase 
in the turpentine industry in 1834, and caused the introduction 
of better distilling apparatus such as copper stills which insured 
not only a larger yield of turpentine oil but also a better quality 
of resin.') The exportation of American turpentine oil and colo¬ 
phony to England and other countries asumed large pro¬ 
portions only after the removal of the import duty in England 
in 1846. It was interrupted, however, during the years 1861 to 
1865 of the civil war, the period of industrial and commercial 
stagnation. 

Up to the year 1837, tlie opinion prevailed in Carolina that 
the pine forests farther to the south were not adapted to the 
production of turpentine on account of differences in climate and 
soil. In the year mentioned, experiments conducted on a large 
scale showed this opinion to be erroneous. As a result of the 
great demand and of increasing speculation, the industry spread 
rapidly to South Carolina and Georgia, and later to Alabama 
and Mississippi.") With the introduction of the more readily 
transportable copper stills, the distillation was more and more 
conducted at the place of production, so that the turpentine 
farms began to supply the finished though crude products of 
distillation, oil and rosin, in place of turpentine, to the ports 
along the coast. With the increased consumption of turpentine 
oil a corresponding overproduction of rosin resulted. This could 

') The forests, forest fands and forest products of Eastern North Carotins. 
By W. W. Ashe, tofeigh N. C. im. 

*f Cart Mohr, The timber pines of the Southern United States. Wash¬ 
ington 1W. p. W. - Die Oewinnung amt Verarbeilung des Terpentm im 
Siiden dor ter. Slaalen. Pharm. Rundschau (New York) 2 (1884), t87. 
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not be disposed of and consequently suffered a corresponding 
depreciation in value. 

This disparity was equalized toward the end of the sixties. 
The opening up of new territories of production brought about 
an overproduction in turpentine oil as well, which was felt all 
the more because petroleum products took its place as an illumina¬ 
ting agent and also superseded it in various branches of the 
arts and industries. On the other hand, colophony found new 
and large application. 

The turpentine industry in the Southern .states thus deve¬ 
loped more and more. With the establLshment of cheap means 
of transportation by rail and by water, all the conditions were 
given for a prosperous growth to the enormous dimensions on 
which this industry is being conducted at present. 


t-KENCH TURPEMTINE Oil.. 

The production of tur|)cntinc in southwestern France, from 
Piiws pinaster, Solandcr, must have been in progress at a very 
early period.') At least this is the inference drawn from petrified 
trunks of trees, found along the 00 . 181 , which reveal the wounds 
characteristic of the resin production. Later on, historic docu¬ 
ments of 1382 and 1383 reveal that Richard II. of England gave 
permission to the Captal de Buch Archambault de Cirailly to 
conduct resin markets within his territory. Probably the mari¬ 
time pine was fir.st planted as a protection to the dunes. After 
numerous failures, this pLin proved a success only toward the 
end of the 18. century. The experiment to sow the seeds in the 
sand successfully tried by the engineer Brdmonticr is followed up 
to the present time by the government. 

The method, stilt in u.sc. to collect the resinous exudation 
in earthenware pots is attributed to Serres (1836) and Hugues 

(1840). . ^ 

The distillation of turpentine oil is being conducted in France 

since 1783.-) 

') 0. A. Oestcrie, Die HmMustrie im SUdweslen von Frmkrekh. 
Berichte d. deutsch. pharm. Ges. It (tdOI), 2t7, 

*) Corps (ras industriels *4 (1908), 179. 

OiiMausiM, Tm voLAiiu oria. ^ 



TURPENTINE OIL FROM VENETIAN (URCH) TURPENTINE 

Larch turpentine was known to the Romans. It is mentionei 
in the writings of Vitruvius,') a contemporary of Ceesar, alsi 
in those of Dioscorides,*) Pliny,*) and Galen. During the middi 
ages, larch turpentine was one of the most highly prized balsams 
The name Venetian turpentine was applied to it during the fifteenti 
century,*) because it was brought into the market from Venice 
at that time the center of the drug commerce. 

The first mention of larch oil (Oleum laricis) in medica 
treatises is found in the works of Matthiolus'') and Conrad Gesner.' 


TURPENTINE OIL FROM CANADA BALSAM. 

Canada balsam, which was probably long known to thi 
American Indians and employed by them, is first mentioned ii 
European reports of travel by Marc Lescarbot^ who travciei 
in Canada during the years 1606 and 1607. He declares th' 
balsam equal in value to the Venetian. In the European market 
however, it is not found before the eighteenth century (Fliickiger).* 


OIL OF CYPRESS. 

Oil of cypress was known as early as 1672 (comp. p. 62). Ii 
1892 it was recommended as a remedy against whooping cough b; 
). M. Bravo*) and since 1894 it has been distilled by Schimmel ^ Co 
on a commercial scale."') The experiences of Professor Dr. Solt 
mann in connection with a large number of patients of the chil 

') M.ircus V. P. Vitniviiis, Ik architectura. Vol. 2, p. 9. 

*) Dioscorides, l)e materia medica lihri quinque. Editio kuhn.Spren|<e 
1829, vol. t, p.'-'S. 

•) Plinius, Nataralis ldstori,e hbri Jii. Littre's edition. Cap. XVI, 57£ 

‘I Fluckiiier, Phannakognosie. 3"* edition, p. 80. 

*) Petri Andrea: Matthioli Opera qua; extant omnia, edit. 1598, vol. I, p. IK 

*t Euonymi Philiatrl Pin kostlicher Scliatz. Zuricli 1555. p. 289. 

’) M. l.eacarhot, flistoin.' de la Nouvelle-France, 1612. Edit. Ed. Tross 
Paris 1866. pp. 805, 811, 820. 

"I Fluckiger, Dnkamente ziir Geschichle der Pharmaiie, p. 92. 

') Deutsche Hedizinal-Zeituns 13 (1892), 45. No. 4. 

'“) Report ot Schimmel S Co. October IhtM, 68 and April 18K, 29. 



dren’s hospital in Leipzig substantiate the claims made for a 
remarkable efficiency of the oil in the treatment of whooping 
cough.*) 

OIL OF lUNIPER BERRIES. 

As Oleum de grants luniperi, oil of juniper berries was 
kept in stock in the Rathsapotheke of Braunschweig in 1521’.) 
Its preparation is described by Valerius Cordus") in 1546. 

The oil yield from the juniper berries waS determined by 
Cartheuser*) and Spiclmann.') 

The oil distilled from juniper wood is mentioned repeatedly 
in the treatises on distillation. In the phannacopceias and price 
ordinances of the 16. century il is mentioned together with the 
oil distilled from the fruit.”) 

The juniper tar oil or cade oil, Oleum Cadinum, obtained 
by the process of de.structive distillation is but rarely distilled 
from the wood of Juniperus communis, but mostly from /. Oxy- 
ivdrus. It was known to the Romans.*) Its method of prepara¬ 
tion is described by Mesue the younger”) who died in 1015. 

') 0. .Soltmann, KeiiMiiisten iimJ CypressenOI. Therapic derCesenwart. 
March IdW. 

') fliickificr, Pharnakognosie, cd., p. 8«S. 

i Valerii Cordi hispemtaiorium Noriciim, p. 404. 

') / iindamenla maleikv mvdica: lidS. Vol. 2, p. 340. 

') /Ndem. Vol. 2, p. 272. 

”) Saladini Oimfiettdittm arnmatarmnim. 1488. Index. --K.Guaither. Ryft, 
New gnm Deslillirbuch woM gegrundeler klmtlkher iJeslillation. t'rancof. 
I55P, tot. 181. — Val. Cordi Oapensaloriiim Nnrieum. 1546. — liin kOsllkher 
SchaU Euonymi Philiatri. Edilio 1555, pp. 228,2.32,306. — Van Helmont, Ortiis 
medidnae vel upera etopiiscnla omnia. Editio Luadunensia 1648. IJe febrihus. 
Cap. IV, p. 33. Schnellenbcra, Artaneybuch. KSniasbera 1556. p. 35. — 
h'slimalio materia: medicae in usum pubiicum civitalum Narthiae Branden- 
bnrgensis. Autore Matlharo Elacco. Berolin11574. Frankfurter Taxe. 1582. 

') Dioscorides, De materia medica lihri quinque. Editio Kiihn-Sprenael. 
1829. Vol. I. p. 102. - Plinii Naturaiis biatoriae lihri. Cap. XXIV, 36. Editio 
l ittrd 1877. Vol. 1, p. 142. • Scribonius tarsus, Compositiones medica- 
mentorum. Editio Helmreich 1887, pp. 47, 55, 56. - joannes Actuarius, Dt 
medicamentoram compositione, f. Ruellio interprete. Basiliar 1540, fol. 30, 
— Matthreus Platcarius in Circa inxtans, in Choulant's Handbuch der Bucher- 
kunde Wr die Sltere Mediain rur Renntnis der griechisclien, lateinischen 
imd arabischen Schrilten. 2"” ed. Leipzia 1841. p. 299. 

') Mesue, Antidotarium seu Grabbadin medicamentoram libri XII. 
Caput 12. De nieis. Comp. p. 24. 


7* 
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OIL OF SAVIN. 

Savin was used medicinally and in veterinary practice by the 
Romans.') It seems probable that the name Sabina has been deri¬ 
ved from the mountainous country of the Sabines lying to the north¬ 
east of Rome. Uioscoridcs') and Pliny") mention the plant among 
(hose being used medicinally. Charlemagne in the ninth century 
mentioned it in his C'apiliilare and thus caused its cultivation in the 
northern Alps.') The abbess Hildegard of Bingen mentions savin as 
a remedy in her writings; ') it is also one of the 77 remedies praised 
by Otto of Meudon (Macer Ploridus).") In England the tree seems 
to have been cultivated and used before the Norman conquest.') 

During the period in which distilled waters were in general 
ii.se, Aqua sahin.v was also officinal and is enumerated in the 
treatises on distillation mentioned on pp. 39 el seq. 

The distilled oil is first mentioned in the price ordinance 
ol iTankfurt-on-lhc-Main for 1387 and was described by |oh. 
Begnimis at the close of the seventeenth century.") Concerning 
the yield of the oil Fncdrich Hoffmann seems to have made the 
first expel intents about 1713.") 0. W. Wedel examined the oil 
in 1707 according to the methods in vogtic at his time.'") The 
first chemical examination was made by Dumas in 1835.") 

*t M,ircus l"oiciii.s Cato, />t‘ rv nislna, p. 70. — Cditio Nisarcl, p. 25, 
Meyers (re.si/Ht/Rc t/vr Hot,inik Vo!. I, p. J44. 

’•) t’ed.uiii ttioseondis ,\n.i/art)ci l>c Nalciia lihri quim/oo. 

bditio Kfdio-Spreiieel 182^1. vol. I, p. 104. 

"1 Pliiiii H'atohifit, Idsinrov Irhti. Cap. .Wll, 21 and cap. .\.XIV, 01. 
I'dilio Litlre 1877, vol. I, p. 82.) and vol. 2, p. 140. 

‘t Caiotiiktri' (to lillis ct corlft, nnjH'fia/ihns. 

') Ititdeeardis .\bti.atissa’ Sobtiliuiiiini diversarom iiafinantm irvato- 
r.onm tibn mo cm. Lditio Mijjnc 1885, p. 1145. 

“I Macer 1 loridiis, tk' r //r/w/.s bcrb,oioii lOut aim WaUfridi StiatHuds, 
Otbum Cwmoiwmis ot pumni.s rokv carmimbos similis artiomaiti. rtcapoli 
1487. - l ditio Choulam, l-ipsia-1822. 

4 Cockayne, l.eechdom.s, wortconnin|< and Starcratt of early England. 
t8t>5. Vol. 2, p. 12. 

') lohannis Begnini Amceyr;//m; Lbynuaim, in )oh. Hartmannii Opera 
omnia medteo-ebymiea amgesta atque pliiribos aucta a Conrado jobrenio. 
Erancofurti ad .Mrenuin 1800. Vol. 3, p. 27. 

’) It. Hoffmannh Opera omnia-physico-mediea. Liber 85. Observatio t. 
tie oteis deatittatis inque eonim distittatione observanda. 

“) G. W. Wedel, Dissenalio de Sabina. )en* 1707. 

") Liebig’s Annalen In (1835), tSO. 
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LEBANON CEDAR OIL. 

According to Herodotus and Diodor the Egyptians used 
cedar oil in the embalming of the dead. Hliny also mentions 
an oleum cedrinum and its u.se in llie preserx'alion of dead 
bodies.') The method of preparation of this oil according to 
Herodotus, Dioscorides and Pliny will be found at the beginning 
of the next chapter. Whether this oil is that of the Lebanon 
cedar {Cedrus Uhani, Harr.) can only be surmised, but not 
established with any degree of certainty. 

On account ol the durability of its wood, this tree is frequently 
mentioned in the old testament.-) 

ANDROI'OOON (CYMDOPOCiON) OILS. 

The aromatic grasses which at the present time yield a 
number of valuable volatile oil.s, such as palmarosa oil, ginger- 
grass oil, citronella oil, lemongrass oil and vetiver oil, have been 
used on account ol their fragrance during antiquity: for the 
aromatixation of wine; also of earthenware wine cup.s, the so- 
called Rhodian cups;") in the prcpar.ilion of fr.igrani ointments') 
and oils; as inccn.se in religious rites; and as couches during 
festivities. In Saiiskril writings, in the Old Testament,') and in 
other documents of antiquity, these gra-sses are referred to under 

'1 Herodotus It. 85, Diodor, lib I, dl. According to R, SiBisniund, 
/tic Anamta. I.eiprin 1884. p. X 

‘) In the books ol the Old rcstjinent conitcroiis woods .ire frequently 
lelerred to. The names used in the translations presumably do not always 
indicate the proper source of these words. Wherever the words cedar and 
pine arc used, I.ehation cedar probably is meant. Such references .ire: 
Leviticus, t4:4. — I.Kinq.s, 4:.'iT; 5;b, SandtO; 6:8, 15, 18, 20anddti; 7:2, 
it, 7, 12 and 14; 10:27, 2. Chronicles, 2:8; .'):5 ,ind 0. Isaiah, 14:8; 

.47:24, 60 and hi. Hesekiah, 27:2. - 2. Samuel, b: 5. Zetharmh, 11:1 
.ind 2. Revelations, 18:12. 

5 Athenw'i fiaucratitw DeiiUKKOphislaiiim. Lib. XV, p. 472. Plinii 
ISatitralis hixtodv tibri. Lib. V, pp. 64, 65 and lib. XIV, p. 15. Hor.itii 
Carmim. XII, 16 17: 

“Naidn rina membere 

Nardi parviia onyx cliliel cadiim " 

') Dioscorides, Ik oialcria medka libri guim/iie. Lib. I, p. 52. - Hinii 
I'iaiuralix hktoria! Hbn. Lib. XIII, p. 2. 

'I rxodiis, 20: .44. Song of Solomon, 4:13 and 14. 
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various names. The names used in the translations of the Bible 
and other ancient writings for spices and annointing oils') such 
as narde, stakte, schdnos, etc., apparently have also been 
used synonomously for the fragrant andropogon grasses and 
their roots. Of these, it may be supposed that Andropogon 
laniger, Dcsf. was the best known and most used during anti¬ 
quity, inasmuch as it was more widely distributed throughout 
northern India, Thibet, Persia and Arabia as far as Egypt, Nubia 
and Ethiopia than the other species. Originally,®) however, and 
again in more modem times, the term narde was applied only 
to the aromatic root of the valerianaccous fiardosfachys jata- 
mansi, D. C., indigenous to the Himalayas of northern India, 
perhaps also to Valeriana cellica, L. indigenous to the Euro¬ 
pean Alps. 

The Greek and Homan writers possibly referred to the 
same aromatic andropogon species when they used the words 
Jw'iw or ir/iiirii^. also juncus.'') In the Occident they appar¬ 
ently have never been cultivated nor introduced in the dried 
condition. 

The first mention of andropogon grasses') by European 
travelers is to be found in the works of Garcia da Orta,‘) van 
Rhecde tot Draakenstein,") - who was governor of the Dutch 
East-India company on the Malabar coast about the middle of 
the seventeenth century, - and of G. E. Rumpf) (Rumphius, 
also Rlinius indicus), Dutch governor in Amboyna during the 
second half of the seventeenth century. The first sample of a 
distilled andropogon oil. a lemon-grass oil, is said to have been 

‘) Wilhelm Nowack, iebrhuvh dvr hehrHiscbcn ArcbSohn/v. Freiburg 
18Q4. Vol. 1. p. i:a 

*) Dioscoridcs, i)v mstcrin medica libri quinquv. Lib. 1, b and 77. 

Dioscoridt's. l)e matvnn medica libri quinque. Lib. I, pp. 2, 16. 17. 
Cditio Kuhn-Sprenget 1829. Vol. I, p. 30. Plinii NaUtralia bistorise Hbri. 
Lib. XII, pp. 2b, 59, b2 and lib. XIII, p. 2. 

') A detailed account of the individual grasses is given by Otto Stapf. 
The OH-Qraasea of India and Ceykm. Bulletin of Miscellaneous Information 
Royal Botanic Gardens, Kevi. t90b. Mo. 8, p. 297. 

'‘I Garcias ah Horto, CoUoquios dussimphs e drogas he coiisas medicinais 
da Intia, e assi dalguas Imtas aebadas nella andc se tratam. 15b3. 

*') Van Rheede, Hortus indiens malabariciis. Amstelodami 1678 1703. 

•| Rumphius, Herbarium ,imboinemie. Am.stelodami 1741—1755. 
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brought to Europe from the Moluccas in 1717.*) However, the 
distillation of these oils on a large scale and their introduction 
into the commerce of the world and into industry apparently 
first began in 1820. In this year the botanist William Roxburgh, 
who was Director of the Botanical Garden at Calcutta for a 
long time, mentions lemon-grass oil as coming from the Moluccas.*) 
In 1832 the first large assignment was received in London. 
Since then, it, as well as the palmarosa oil and somewhat later 
citronella oil, have been finding increased application in perfumery 
and especially in the soap industry. As a result of the ever 
increasing demand, the cultivation of these aromatic grasses, 
has increased considerably especially that of the citronella grasses 
in Ceylon, and during the last decade of the 19. century also 
in java, so that these oils arc now exported in large quantities. 


CALAMUS OIL. 

Both as spice and as medicament, calamus root is mentioned 
in the writings of antiquity. Thus it is mentioned in the Ayur- 
Vi'dasy) in the Old Testament') and in other of the earliest 
written documents. In the scientific treatises of the Creeks and 
Romans') it is likewise recorded. During the middle ages a 
distinction between Asiatic and European calamus was main¬ 
tained. Still later a distinction was made between the commercial 
varieties from the several countries from which it was obtained. 
As one of the spices introduced into Portugal from India, 

') Ephemerides natune curiosomm. 5—6 cent. London (1717). Appen¬ 
dix p. 157. - Medical and Physical Transactions. London. Vol. I (1825), 
p. 367 und Vol. 3 (1827), p. 231. 

■) Roxburgh, Rora indica, edited by Carey and Wallich. 1820—1824. 
Calcutta. Vol. I, p. 280. 

■') Page 16, footnote 1. — Royle, Essay on the antiguity of Hindoo 
Medicine. London 1837. p. 28 and 34. 

') Exodus, 30:23. — Isaiah, 43:24. - Hesekiah, 27:19. - .Song of 
Solomon, 4:14. 

•') Agatharchides, l)e man Erythrxo, p. 97. — TheophrastI Hisioria 
plairtanim Lib. 9. 7. Dioscorides, De materia medka. Lib. I. 17 and 52. 
Editio Kuhn-Sprengel, p. II. Plinii Naturalis historix lihri. Lib. XII. 12, 
48. Lib. XXV. 100. Plutarchi Moralia. his et Osiris. — Strabonls, Geo- 
graphia XV/. 4. 
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Odoardo Barbosa') mentions calamus in 1511. Matthias Lobclius 
of Randcrs,-) in the second half of the 16. century, claims that 
the calamus imported into Antwerp via Venice is better than 
that imported from Siebenbuergen and Russia. Rhecde supplied 
ibe first good illustration of tbe plant.") 

Calamus is reported to have been cultivated in the thirteenth 
century in Poland;') in Germany first during the sixteenth cen¬ 
tury;-') whence it became more widely distributed.") Calamus 
is also indigenous to North America, being found from Nova 
Scotia south to Florida and westward to Minnesota, Iowa and 
Kansas. Of botanists Schopl first obseiverd it in 1783 in Penn¬ 
sylvania and New jersey.') 

The distilled oil of calamus is first mentioned in the price 
ordinance of Prankfurt of 1582 and in the Dispcn.satorium Nori- 
cum of 1589. The yield of oil obtainable upon distillation of 
Ibe rhiromc was determined at the beginning of the eighteenth 
century by Fr. llolfmann') and Caspar Neumann;") and about 
the middle of the eighteenth century by job. Fr. Cartheuscr."') 
The first investigations of the oil appear to have been made by 

') K.-imu.sio, bdlii vl viitiini. Venelia 1554. fol. 415 417. 

MuckiRcr, fhikiiincittv /lit (h'sdiwhtt^ t/tv I'tMrmazk. I87ti. p. 15. 

'I Maihia.' dc I obcl el Petri l*ena- /Voi-a .stfiyifiim ndvvni<in,i. I.ondon 
I57S. p, 2«. 

■') lltnUis iitdictis m.i/.idai/f/M. ,4tnstelod,i>iio. lt>78 1705, Vol. XI. 
11002), Tab. 48 and 40. 

') Rostafinski, / tor.v /'o/rme I'rudnimas 1875. p. 12. Clusiiis, fiariintim 
pl.mtariim hixloihi. Antwerpia; IbOI. fol. 250 and 252, 

') Dock, Tcutsdiv Sin'iskarwim. Slrassbiirg 15,50. p. 104. — Matihioli 
Commcnt.irii in Dioscondem. 1.544. Editio 1565, p. 20. ]oach. Camerarius, 
tiortiis mvdtcm vt phihxtiphiaix. Tr.aiicofnrti 1.588. p. 5, 

"I The assumption that calamus was spread since 1574 from Vienna 
through bolanical gardens as a result of the efforts of Charles de I'Escluse 
fChisius) who lived in Vienna from 1.575—1588 (Euerrsen, Handbuch der 
.sysb'malixdKii Hotanik, vol. 2, p. .520) can scarcely be accepted as a full 
esplamttion of its wide distribution. lEnfiler und Prantl, NalSrliche Pflanzan- 
lamilieti. T. II. Abt. III. p. 118.) 

') Sebopf, bfalena medica amerkana. Erl.uica; 1787. 

') It. Hoffmannii Opera omnia pbysko inodka. 1740. Liber 65. Ob- 
senatio i.: lie okds dextillatis ati/ne eomm deslillathne obsenanda, p. 8. 

”) Casp. Meumann, Cbymia medica dogmatico-expcrimeiilalis. Editio 
Kessel. 1740. Vol. 2, p. 272. 

'*) -See p. 71, footnote 2. 



History op individual volatiu: oils. 


105 


)oh. Ad. Wedcl') in 1718 and by )oh. Barth. Trommsdorff in 1808.*) 
Later examinations are by Martius“) in 1832, Schnedermann*) 
in 1842, |. H. Gladstone") in 1863, and A. Kurbatow") in 1873. 

SAFKRON OIL. 

In the literature of antiquity saffron is frequently mentioned 
among the spices, also as medicament and dyestuff.-) During 
the Arabian period it was cultivated, especially in l-’ersia') and 
Spain,') Its introduction into western Europe as far as England 
was no doubt assisted by the crusades."') In the commerce with 
the Levantc, saffron was one ot the most costly spices and 
played an important role. As an object subjected to heavy 
duties, it frequently became the subject of rigid legislation,") also 

'> )oh. Adolf Wedel, I)v Calunnt iinmitU(K Disserlalio. |cn.i' t7IK. 

't Trommsdorff’s lounul der Ph.»nna/ic i\ II. 122. 

') Licbiji’s Annnlen 4 (18.'J2}, 204 and 2t»f'. 

') ibidem 41 (1842). :J74. 

'■) )ourn. chein. Soc. 17 (I8W), I., Rel. lahrcshcr. d. Clicm. NW, .j4tt 
and 347. 

*') l.ichi[;‘s Annalcn I7:f (IH74), 4. 

I Song of Solomon, 4: 14. - Homcn llia.s, 14, 348 Dioscorides, Ih' 
Ndtvrhi medK'ii hhn quinquv. (.dilio Kuhn-Sprengcl. Vol. I, 'R -Plinli 
NdUirtilisimtoruvHbn. lib.XXI, I7andl8.- Virgiliilib.IV.HW. 
Alev. Tralliani medtd lihri dumham, guiw vt Intiiw. Kabilia" l.'Wb. German 
edition by Th. Puschniann. Vienna 1878. Mattha;us Ptateanus, CVVta ///- 
sUws In Choiilant’s Htindbiicb der iiuLherkimde tilt die •Vtetv Mvdum /itr 
Kcnntms der fjrieihisetien, Idtemiscbcri und ardbisdivri SchiifU'tf. 2’*'^ ed. 
I.cip7ig 1841. p. — Hehn, KiilWipfian/en and H.uistiere m ihivm Ober- 
f>anf!e na.sAsicn imbdriccbenlnndand llabcii. 3f‘*cd. 1877. pp.22r> 231. 
l.iber pantdienhs Rditio Duchesne. Paris 1886. Vol. 1, p. 177. 

') Istachri, Huch der fJndci German translation by Mordtmann. pp. 87, 
93, 124 and 126. fidrisi, O^ofjriipltie, traduite fuir Ani^ee tauhcri. 18[J6. 
pp. 168 and 192. — Meyer, Oesebkhte der Hotanik. Vol, 3, pp. 282,284, 299. - 
Breischneider, Chinese Botanical Works. Foochow 1870. p. 1.3. IbnBaitar, 
Train des Simpkw. Edit. Lcclerc. 1881. Vol, 2, p. 209. 

■') Le Caicndrier dc Ondvue de Taimd! %f. Leyde 1873. pp, 3.3, 109. 

'“) Conrad et Waldmann, Trade du Safran da (jdtmak. Paris 1846. p.20. - 
Morant, History and Antiquities o( Essex. 1768. Vol. 2, p. 545. - Heviie 
pharmaceiitique. 1858. p.58. - Dougla,ss. Philosophical Transactions. Novem¬ 
ber 1728. p. 566. 

“) Simonsfeld, iJer fondacn dei Tedesebi in Vcnedig and die dentsch- 
venetianischen Handeisbeziebangen. Stuttgart 1887. p. 35. • Mone, Zeit- 
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because it was excessively adulterated with the florets of Car- 
thamus tinctorius and parts of other plants. So important did 
the commerce in saffron become during the middle ages that 
the traders in spices of some of the larger German cities united 
under the name of Safranzuntte to special corporations.*) 

Into the United States of North America, saffron appears 
to have been introdued by German immigrants during the first 
half of the 18. century. In 1748 Peter Kalm found saffron gardens 
near Philadelphia and in New Jersey,*) and in 1787 joh. David 
Schcepf found them near Lancaster, Pa.’) 

The distilled oil of saffron is first mentioned by Walter Ryff’) 
and Conrad Gesner,’) and is enumerated in the municipal price 
ordinance of Niirnberg of 1613. The older medical treatises do 
not mention it. The yield was apparently first determined in 1670.’) 
Saffron and its constituents were further examined by Bouillon 
Lagrange and Vogel in 1810.’) In 1821 Henry examined the 
coloring matter of saffron and arrived at the conclusion that the 
yield of oil was almo.st doubled if for every ounce of saffron 8 oz. 
of common salt and 4 oz. of potassa arc added to the water in 
the still.') 

schrift fur die (ieschichtc des Oberrhem.s 5 (1S54), 28. “ Wamkdnia, Histoire 
de In riandrr. Vol. 4 (1851), p. 44d. - Fluckiaer, Schweiz. Wochenschr. 
f. Chem. 11 .1’harm. ID (1881), (O'). - Falke, Geschkhte des deutschen Hmdels. 
I85d. Vol. I, p. 2h7. niben, Ziir Letire von dcr Wartnlilschung. Disser- 
tatio. Tiibinfieii 1881. p. 57. YluMget, Bcitrdge ziir dlleren Geschkhte der 
Pliarmntie in Hern. 1802. p. b. — Roth, Geschkhte des Numbergischen 
Handels. (802. Vol. 4, p. 221. — Beckmann, BeiIrSge znr Geschkhte der 
Hrfindungen. 1784. Vol. 2, pp. 88 and 41. — Peters, 4»s/lAarmazeuZAScAer 
Vorzeit. 1844. Vol. 2, pp. 225-224. 

‘) Fliickieer, Dokumente znr Geschkhte der Pharmazie. 1876. pp. 46 
and 66. 

•I Prof. Peter halm's Heise nach dem nOtdIkhen Hordamerika im 
/ahre 1748-1741. Gottingen 1754. Vol. 3, p. 135. 

') |oh. David Schopf, Materia medka Americana potissimnm regni 
vegetahiiis. OrlangK 1787. 

*) Cualtherus Rylf, TVew gnm Destillirbuch. 1556. fol. 188. 

') Eiionymus Philiatrus, Pin kestlkher Schatz. Zurich 1555. fol. 222. 

') )oh. Ferd. Hertodt. OdcoAum. Dissertatio. )ens 1671. 

’) Annales de Chimie NO (1811), 185. Trommsdorff's lourn. dei Pharm. 
21, I. (1812), 20b. 

■) TrommsdorfTs Neues )ourn. der Pharm. 8 (1822), 65. — Berliner |ahr- 
biich f. Pharm. 44, I. (182% 160. 
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OIL OF ZEDOARY. 

During the 6. and 7. centuries, zedoary is mentioned by 
Aetius, Pauius Aegineta and other writers as coining from India 
where it had been in use for a long time. In western Europe 
it became known toward the beginning of the 8. century.*) From 
that time on, zedoary is frequently referred to, under various 
names,**) among the spices,*) in the formulas of pharmacopceias,*) 
and by travellers. 

During the middle ages zedoary appears to have been intro¬ 
duced into commerce principally from the Malabar coast.*) 

The distilled oil of zedoary is first mentioned in the price 
ordinance of Berlin of 1574,") in those of Worms and Frankfurt- 
on-the-Main of 1582, also in the Dispvnsatorium Noricum of 1589. 
Examinations as to yield and properties of the oil were later made 
by Neumann*) (1785), Dchnc") (1779) and E. F. Geoffrey*) (1757). 


OIL OF GALANGAL. 

Galangal appears to have been used in China during anti¬ 
quity. It is mentioned in the Ayur-Ved^s of Susrutas,"') also 
by Plutarch.") The Arabian physicians used it for medicinal 

') ISiccolo de Conti. In Kunstmann's Kcmilnis Indicns im 15. /ahrhiitiderl. 
Munich 1863. p. 48. - Odoardo Barbosa, Delle navigathni et viaggi. Venetia 
1554. pp. 413 and 417. — Meyer, GcschicMe der Bolanik. Vol. 2, p. 421. 

Zituar. Zodear. Zitewar. Citowart. Citoal. Cytoal. Zerumbet. 

’) Gucrard, Mygtique de rabbi- Irminon II, Stalula aniiqua abhatm 
St. Petri Corbeinensis. Paris 1844. — W. Heyd, Qescbichte des Levaitle- 
handds. 1879. Vol. I, p. 104. 

') I. Ci. Eckhart, Commentarii de rebus Fraiicia! orientahs el episcopaUis 
Wirceburgensis. Wirceburgi 1729. Tom. II, p. 980. — F. A. Reuss, Walafridi 
Strabi Hortulm. Wirceburgi 1834. p. 73. 

■') Kunstmann's Keimlniss Indiens im 15. labrhiinderf. 1863. p. 48, - 
Muckiger, Dokumente ziir Gcschtchle der Pbarmatie. 1876. p. 15. 

1 Estimalio malerix medicx ... in gratiam el usam pubUcum civi- 
latum Marcbiar Brandenburgensis. Autore Matthso Flacco. ^rollnl 1574. 

*) |. F. A. Gdttling's Almanach fur Scheidekunstler 17K>, 118. 

') Lorenz Crell's Chemisches journal 3 (1779), 20. 

*) E. F. Geoflroy, Tradatus de materia medica. Paris 1757. Vol, 3, p. 265, 

"5 See p. 16, footnote I. 

") Plutarch! Moralia. Isis el Osiris. The use of galangal for fumigating 
purposes by the ancient Egyptians is referred to. 
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purposes and thus, no doubt, assisted in its introduction into 
western Europe. Thus Khazes, Avicenna, Alkindi') and other 
physicians who lived during the 9. and 10. centuries, mention 
galangal in their writings as an esteemed remedy. Its importation 
is reported in the 9. century by the Arabian geographer Ibn 
Kurdadbah,-) and in the beginning of the 12. century by the 
Sicilian geographer Edrisi. ') In the Dvlh decima etc., a com¬ 
mercial treatise of the first half of the 14. century by the Elorentine 
merchant Hegolotti, galangal is described as occuring in two 
varieties, vi/.. the light and the heavy.') Marco Polo reports 
on the cultivation of the plant in China and Java.’') In 1563 
Oarcia da Orta, a physician in Goa, describes two varieties of 
galangal, a smaller variety coming irom China, and a larger one 
Iroin Java.") The first good illustration was published by Rumpf 
in 1754.') 

In German literature the rhizome is found as early as the ■ 
8. century and is mentioned as a medicinal drug. Galangal also 
occiiis as one of the ingredients of a prescription found in a 
medical manu.script of the 8. century in the library of the Uni¬ 
versity of Wurzburg.') It is also mentioned in a formulary of 

') M.iccr Moridus, bv Mnhus hcihiirum. Naples 1487. F.ditio Choulant. 
liCJ!;. Cap. 70. Ibn HaiJar, fra/ft'NS/mp/e.s. hditio l.edcrc. Vol. 2, p. bl. 

■1 U' liviv ik's uhUvs vt (k‘s pnn incvs, />,tr Ibn Kliordadbeh, tradinte 
p.ir IJ. de iMeynard: v/i founutl dsuitiqiic, Ser. VI, Tom. •» (18br)), p. 294. 

') (ieofiiiiplHv d’l dri.si. tradintc /wr A. jaubert. 183b. Tom. 1. p. -A. 

‘llrance.sco Halduccl La piatica dvlb mcuatiini scritta. 

In Pagnnn’.s Ikd/a dainu e dcl/c .tltrv ffutw/zv. dc/ln mimctii etc. [ishoa 
e Lucca. I7bb. pp. 2<H'' and .37.). 

'1 I'aulhier, l.v liviv dv 18b3. pp. 322 and 3bl. 

Oarci.i'' ah Horto. CoIIih/iiios dos simp/tw c drogas he ctnii>as medh 
I mills d,i hidiii. Goa l.)b.3. Odhquio 'J4. Whereas at the present time 
only the smaller root, the Hadn gal<ing,L’ rnmoris obtained from Mpiniu offi- 
einarum, Hance is rn use and obtainable coinmercialty the Hadi\ gaknga.' 
maions obtained from Mpwa Oidanga, Wiild. was formerly also current. 
The latter came from |a\'a. See also Daniel Hanbury, Science papers. 
187b. p.J/O. 

•) 0. K. Rumphius, hetbunum ambomense etc. Amsielodartii 1741 1754. 
Vol. 5, Tab. b3. 

') Witr/burger UmwrsifUtsbibliotbek Hamiscriptes Mp. th. fol. 14b. - 
Printed in I. A. Reuss, Walafridi Strabi Hortiilus. Wirceburgi 1834. p. 37. 
1). 0. ab Lckhart, Commentarii de rebus t rands orientaJis et episco/iatus 
Wineburgensis. Wirceburgi 1729. Vol. 2, p. Glosss Tbeotiscs. 
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the 9. century by Bishop Salomo 111 of Constance.') Its medicinal 
virtues arc praised by Matthieus Platearius,'') a Salernitan scientist 
of the 12. century, and by Hildcgard,") abbess of Bingen. 

Galangal found a place in the Dispansatorium Norkum, but 
its volatile oil appears to have been distilled later. It is first 
mentioned in the municipal price ordinance of Franklurt-on-the- 
.Main in 1587. 


OIL OF GINGER. 

Ginger appears to have been used as a spice by the Chinese 
and the Indians. It is mentioned repeatedly in Chinese medical 
treatises, in the Ayur-Vedas of Susruta, also in Sanscrit literature 
.md later in the Talmud. The Greeks and Romans') obtained 
ginger via the Red Sea and hence regarded Arabia as its geo¬ 
graphic .source. In the 3. century, however, it was counted among 
the Indian products brought via the Red Sea and Alexandria. ") 
Ginger was one of the favorite spices of the Roman.s.") Apparently 
it was introduced into Germany') and France') during thc9. century 
and into England") during the 10. century. A better understanding 

‘I Duiniitlcr. iumtdbudt dt-a llischfils Sidiimt vo/i iimlaii/. Itt .Si, 
LiiiUisihc hetiknijlci diis dt'r Htindiiil’isibvti Zed. Zurich IS.'W. p. iJ?. 

■') Circii insbiia. iiber de fiiiiiidm medkna. In Choiilant’s Haodhmh 
del Hikherkiiiide liii die .Were Median. Z"" ed. l.uipriR 1841. p. 220. 

■I Hildcpardis Ahbalissa; SiihlildWiiiii dnersnniiii luliirniiiiii erealiim- 
rum liliri iimeiii. In Mifine, Wdniliigne Ciimn eiiiiipletiiy Tom. 107. I.iileli.i 
t\iii!.i(iiiiiii. lS.’i5. pp. 11114 .ind IliiS. 

') Dioscoridcs. De Mideiu medial libri qiiiiiqiie. I ditio Kuhn-Sprcnccl. 
1820. Vol. 2. p. m 

'1 Vincent, Connnercc and Mavipation ol Ihc Ancients in the Indian 
Ocean. 1807. Vol. 2, p. hOj. hUyci, OeM'liiible der liiilmik. Vol. 2, p. 167. 

"’1 Apicius Cwlius, De re cO(/////ia//a libri decern. Tditio Schiich. Heidel- 
here 1887. pp. 26, 45, 68, 08, 105, 128, 1.10, 142, 16.5. 

0 Cless, lauides- mid Kiilliiraesebiible von Wiinicmbem. 1807. Vol. 2, 
p. 260. In the preface of a Codex ol the 8. cenuirj ol the Wnr/biiri! Library 
(Mp. th. f. 1461 it is mentioned together with cinnamon, costus, cloves, pepper 
and gentian. The title of this manu.script is |. G. ah Lckhardt, Oimmentarii 
de rebus t'rdncix orientkiis ct episeopntus Wirecbnrpensis, (jlossx Theo- 
lisex. The preface referred to is printed in F. A. Reuss, Walafridi Sirahi 
Hiirlulm. Wirceburgi 1834. p. 73. 

') W.Heydt, LevantehandelimMittelaltcr. 1870. Vol. 1, p 103, footnote3. 

Pharmacograpbia. p.635. - Rogers, History of Agriculture and Prices 
in England. 1866. Vol. 1, p.62d. 
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as to the geographical source of ginger was obtained by Marco 
Polo, Pegolotti, Barbosa and Niccolo Conti on their voyages 
along the coast and among the islands of southwestern Asia.') 
As early as the 13. century ginger entered the market either 
fresh (zenzeri verdij, preserved with sugar (giengiaro confetto) 
or dried. For a long time Alexandria was the principal port 
for the purchase of this delicacy.'). 

As a dutiable article of commerce, ginger is mentioned 
repeatedly: thus, in 1173 in Acre in Palestine,®) in 1221 in 
Barcelona,') in 1228 in Marseilles, ') and in 1296 in Paris.") In 
an old apocryphal German pharmacopoeia of the 12. century, 
ginger occurs in several formulas.') 

Into the West Indies and Mexico, the ginger plant was in¬ 
troduced by the Spaniards during the middle of the 16. century;*) 
and as early as 1547 ginger was exported from )amaica*) to 
Spain, in 1585 from St. Domingo and in 1654 from Barbadoes."') • 

The first mention of a distilled oil of ginger is found in a 
municipal spice ordinance of Copenhagen of the year 1672. The 
yield was determined in the course of the 18. century first by 

') l.e In n de Marco Polo, public par Pauthier. 186.'). Vol. 2, pp. 381, 
488. — Pegolotti, in Pagnini’s DvHa decima c delta altn gravezze, delta 
nmieta c della mcicalura de’ Fhnntini lino al secolo XVI. Lisboa e Lucca 
1766, p. 360. - Od. Barbosji. Editio Ramusio, Dclle navigation! et viaggi. 
Venclix 1564. pp. 311 and 323. Hiccolo Conti, India in the 15. century. 
Edition Major, London 1857. — Kunstinann, Kenntnis Indians im tb. Jabr- 
liunden. Munich 1863. 

') Pegoiotti, Editio Pagnini. Della deama etc. pp. 208 and 317. 

) geciieil des Hisloriens des Croisades. Lois 1843. Torn. 2, p. 176. 

') Capmany, Memoiias bistoncas sobn la Marina Commercio y Artes 
de la Cindad de Barcelona. Madrid 1770. Vol. 2, p. 3. 

') M6ry et Guindon, Histoire des Adas de la Municipality de Marseille. 
1841. Tom. I, p.,372. 

*) gevae arcMuhgique. Paris 1852. Tom. 0, p. 213. 

4 Pleiffer, Zwei dentsebe Arzneibiicber ans dein 12. and 13. /abr- 
bnndert, in Sitzimgsberichte der Wiener Akademie d. Wissenschaften 4d (1863), 
124, 138, 150. - Haescr, Gesebiehte der Medicin. 1875. Vol. I, p. 663. 

') Monardes, Mistoria medicinal de las cosas qiie se traen de nuestras 
Indian Kcidentales que sirwn en medictna. Sevilla 1574. p. 00. — Editio 
Climius. Antverpix 1503. p. 300. 

"1 Kenny, HLstory of lamaica. London 1807. p. 154. 

"') Calendar of State Papers. Colonial series 1574—1660. London 
I860, p. 4. 
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Caspar Neumann,‘) and then by ), A. Gesner,*) E. F. Geoffroy*) 
and Friedrich Cartheuser.*) 

The first illustration of Zingiber ollicinale, Roscoe was 
published by H. A. van Rhcede in 1670.“) 


OIL OF CARDAMOM. 

Cardamom, i. e, the capsular fruit of several species of 
Elettaria and Ammonium, (N, 0. Zingiheraaw), indigenous in 
the islands of the East Indian archipelago, appears, to have been 
used during antiquity. In the Ayur-Vedus of Susrutas') they 
are mentioned as E/a. According to Plutarch') the Egyptians 
used cardamom together with other spices in religious incense. 

Later writers use as synonyms the terms Amomis, Amomum 
and Lardamomum.') Although a number of spices were imported 
during antiquity from southern India, it is highly probable that these 
designations were applied only to cardamom, Dioscorides,') Theo¬ 
phrastus,"') Pliny,*') Scribonius Largus and Alex. Trallianus,"*) 
mention cardamom as well as Amom, mostly together with pepper, 
cloves and nutmeg. During the 3. and 4. centuries, when Roman 
luxury had reached its climax, cardamom was one of the favorite 

') Chymia iiicdka diigmittiai-npvtinKnUilis. Lditio Kesscl. I7W 
Vol. 2, p. e.t8. 

‘I )oh. Alb, Gesneri Dmertutiii de Zingihere. Alldorl 1723. p. 18. 

') Tr.ictatiis de waleriH mcdica. Paris 1757. Vol. 2, p. 2b5. 

') lilenicnia Oiymi.e dugautico-v \perimetitiilk ma cum symi/ai Matcrix 
medwx iiclecli<iri.s. Hala: 1736. Vol.2, p. 62. 

■'I flortus indiiua malaharkiis. Anislclodami 1678- 1703. Vol.2, p.24 
Tab. 12. 

") See p. 16, lootnote 1. 

') Plutarch! Moralia. Isk et Osiris. 

') The usape of these synonyms continued up to the clo.se of the 
18. century. Thus in Murray's Apparatus Medicainenlvrum (Gaitinpen 1790) 
and in similar works the designation Amumum Cardamomum still occurs. 

”) Dioscorides, /Je materia inedica tihri quinque. Editio Kuhn-Sprengel. 
Leipzig 1829. Vol. I, p, 14. 

'“) Theophrasti Eresii opera, qux supersuni omnia. Historia piantarum. 
tdilio Wimmer. Parisiis 1866. p. 147. 

") Plinii Naturatis hislorix tihri. Lib. XII. 28, 29. — Editio Littrd. 
Pans 1877. Vol. I, pp. 482, 483. 

*') Ale.xandri Tralliani medki tihri XJI. Basilix 1556. Editio Puschmann. 
1878. Vol. 2, p. 354. 
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spices.') As products of farther India, the Arabian traveler 
Masudi') in 912 mentions cardamom, cubebs, nutmegs, cloves, 
camphor, sandelwood and linaloes. In the middle of the 12. cen¬ 
tury, the Sicilian geographer Edrisi'') makes a distinction between 
Ceylon and Chinese cardamom. Like Barbosa *) and Pegolotti,®) 
he also mentions that at tliat lime the spices entered the Euro¬ 
pean market via Aden and Alexandria, also via Accon") during 
the existence of the Kingdom of |crusa!cm. 

Even at that time, a distinction was made between wild and 
cultivated cardamom.') Garcia da Orta") distinguished between 
a larger but less aromatic cardamom from Ceylon and a smaller 
but more spicy variety. Finally, at the time of Valerius Cordus 
the Malabar Cmliimomiim minus was given preference over 
the larger kind.**) 

The first good illustration of Llctteriu cardamomum was 
published by Henry van Khccdc,"’) governor of the Dutch East 

') Apicitis C.dms, Dv iv (oqinn.uht fihn X. Editio Schuch. Hcidel- 
berj* 1867. pp, .'Jb, 4.'i, 64, ‘JS, UVi, IJ^, 142. 165. - Mieronymi Opera omnia. 
['.ditio Mijjne Uatrolopw lompietiis. Vol. 2, p. 2'}7. 

') Ali cl-M.isiidi, haitfvs d'Or. l.ditio Meyii.Trd ct Courteille. Paris 
1861 1877. Vol. 1. p. .141. 

) d'Ldrisi,/w/Amt'dec laiibert. IS^ib 1840. Vol. 1, 

pp. 51, 341. 

*) libroili Odo.'irdo tlarhosa. In Kamusios DeUe lutvifiathm vt viaggi. 
Vcnctia 1.5.54. lol. 413 417. Editio Hakluyt Society in London: Description 
of the Coa.sts ol Last .Mrica and Malabar. 1866. pp.5<), 64, 147, 154. 

■) Francesco llaldticci Pcnolotti, La pratiui dciia nwteatura. In PaRnini’s 
livita demua c delle .dtre gr.ive//e, della moncla e della weraUara dc' 
horciitini Into <tl scculo .VI 7. lisboa e Lucca 1766. p. 57. 

*') heii^nol, .4.s.s/t‘,s de /enrsalcm. ParLs. Vol. 2, p. 175. 

') Pe^iololti, Caid.trnomt .sahalulii, domestki. I. c. (see lootnotc ,5) 
p. 211 and 2^6. 

') Oarcia.s ah I lorto, Lolloqmos dos .simples e drogas he tmsas medkinais 
da India, e a.s.<iai dafguas fiutas achadas iiella unde se iralam. 1563. Edited 
by Carolus Cluslus in 1.567 with the title: Aromatum et Stmpliemm aliquot 
medicamentorum apud Indus nascenUum historia. primum quidem Lusitanica 
lingua oyiy.'x amscripta, a D, Garcia ah Horto, Proregis Indlx Medico: Dciiide 
latino illustrata a Carolo Clusio Atrebate. Antverpix p. <58. The original Portu¬ 
guese was reprinted in 1872 by F. A. vpn Varnhagen. See p. 51 of this edition. 

*5 Valeriu.s Cordus, Disimisatorium Noricum. Editio Paris, pp. 40, 76, 
77. 115, 157, 158. 

'<5 Van Pheede, Hortas indicus malaharkus, cum noth et commentariis 
lohanni Commelini. Amsteloduni 1678 1703. Voi.Xi(1692), Tab.4—■5;£7en‘a/7. 
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India Company on the Malabar coast, and by Georg Eberhard 
Rumpf,') who, born in Hanau, lived as merchant and botanist 
in Amboina. 

Cardamom oil was distilled as early as 1540 by Valerius 
Cordus.-) The yield was determined by Caspar Neumann,”) 
C. Ph, Martius,^) )oh. Friedr. Cartheuser and ). R. Spicimann.”) 


OIL OF PARADISE GRAINS. 

The Grains of Paradise were formerly used extensively as 
a spice. In the apothecary shops they were known as Gr,wa 
Paradisi, Semina Cardamomi maioris. and as Pi/Kr Mckgueta. 

Oil of paradise grains was distilled by Porta”) at the be¬ 
ginning of the 17. century and used medicinally. 


OIL OF PEPPER. 


Pepper is one of the oldest known spices mentioned in 
Sanskrit and ancient Indian literature. In the 4. century B. C. 
it is mentioned by Theophrastus.') Dio.scorides,”) and Pliny”) 
already distinguished between black, white and long pepper and 
counted the first among the most important spices of their time. 
Toward the end of the 1. century, we already find special ware¬ 
houses (homie piperatarix) for this precious ware. As ports 
of exports for pepper, places on the west Indian coast, between 


') Rumphiu.s, Herhariiim Amlximeniie Wet Amhuiiiisihe kniidhueli). 
Uitio lohanni Burmanni. Amstelod. 1741-1755. Vol. 5, p. 152 also plate 65. 
Amomnm Cardamomiim. (This work had been complelcd by Geo^ El«r- 
hard Rumpf in 1640, but was not published until alter his death viz. in 1741.) 
•) Valer. Cordus, fle artificiusis ntractmihm. 1561. lol. 226. 

■■I Caspar Neumann, aiymia medica dogmalicu-exiKrimeiilalia. Editio 
Ktssel. 1749. Vol. I, p. 328. 

')). C. S. SchweiRRer's loumal fur Chemie ii. Physih 3 (1811), dll. 

”) iacob R. Spielmann, Cardamomi Matoria et viadkis. ArRentor. 1762. 
“) PorU. fle destillalioiie. Roma: 1608. Lib. IV. Cap. 4. 

■) Theophrasti Eresii opera quae supersiipt omnia. IX. 20. — Editio 
Wimmer. VoL 1, p. 162; vol. 2, p. 476. 

') Dioscorides, Pe materia medica libri quinque. Editio Kuhn-SprenRel. 

1829. Vol.1. p.298. , 

") Plinii Naturaiis historiae lihri. Lib. XII, 14. - Editio Liltre. Vol. I, 

p.478. 

Giuitnnsrca. Tiu voisriir oils. 
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Mangalosc and Cochin, arc enumerated in the Periplus of the 
Crythrean sea, a commercial catalogue that was presumably 
written in A. I). 76, in Alexandria.') 

Into western Europe pepper was likewise introduced at an 
early date. The quantities in which it was imported, in spite 
of its high price at the beginning of the 5. century, become 
apparent from the statement that the west Roman Emperor, 
Honorius paid a tribute of 3000 lb,s. pepper to Alaric, King of 
the Vesigoths in 408, while the latter' was besieging Rome.-) 
Pepper retained its high price late into the middle ages. Hence, 
it was used in place of the noble metals in the payment of 
tribute, taxes, rent, duty and ransom; as gifts and as objects 
of bequest.") Among the presents made to the popes by the East 
and West Roman emperors, pepper is usually enumerated first 
among the costly spices. According to a privilege granted 716 by 
the Merovingian king, Chilperich II, the monastery at Corbie in 
southern Erance obtained among other objects pepper, cloves, cinna¬ 
mon and spike as annual revenue.") Boniface, the apostle of the 
Cierinans, repeatedly obtained from Roman prelates,') presents of 
aromatics for incense purposes, among which pepper is enumerated. 

In 12d0 Marco Polo found pepper in abundance in the is¬ 
lands of the Malay Archipelago and on the Indian coa.st. It 
constituted an itnportant article of commerce with China.") 

The increasing demand for pepper and the high price paid 
therefor constituted not the lca,st of the motives for the .search 
of an all water route to the East Indies, This was accomplished 

') labriciiis, l)er iK'riplus dcs l:r}thrHisdwri Meeres von ciiwm tin- 
bvk.HnntetL Greek and German. Lcip/it! 1883. p. 188. — Vincent, Commerce 
and Navigation o( the Ancientit in the Indian Ocean. London 1807. Vol. 2, 
pp. 45$ and 754. 

■) Zo.Himi Comitis vt exarfrocaf/ fisd Historic noviV Uhri scpteni 
Hasilia*. Lib. V, cap. 41. Gregorovius, ikMchte der Stadt Rom im 
M/ttvIuftcr. Hodgkin. Italy and her Invaders. London 1880. p. 347. 

Heyd, CtcschicMv des Uvantdiaiidcls im Mitteialter. I87d. 
Vol. t, p. W; vol. 2, pp. 4.58 and 754. 

*) Pardessiis, Oiphmats, charttc etc. Paris 184*). Tom. 2, p. 309. — 
W. Hcyd, (jitschichk dcs UwwtdmndHs im Mitteisiter. 1879. Vol. 1, p. 99. 

'*1 |aKe, Bihliothecd renim ffcrmaniatrum. Berlin I86(). Vol. 3, pp. 15b, 
157. 199. 218 and 231. 

“) W. Heyd, Geschichtt dcs Levuntdrandeis im Mittelatter. 1879. 
Vol. 1. p.biM. 



by the Portugese under the leadership of Vasco da Gama in 
1498. The cultivation of the pepper plant having been spread 
over several islands of the Malay, archipelago, the production 
of pepper was greatly increased. This resultj^ in a larger ex¬ 
port with the consequent reduction in price and increased con¬ 
sumption. The discovery of an all water route naturally deviated 
the spice trade from Venice which then was a commercial republic 
at its prime. In 1504, Portugese vc.ssels laden with pepper 
sailed up the Thames and embarked at London and in 1522 
they also entered the harbor of Antwerp. In spite of all the 
endeavors of the Venetian captains of commerce, the trade in 
pepper became a Portuguese monopoly') from that time on, 
and remained such nearly up to the 18. century. 

The estimate in which pepper was held during the middle 
ages is indicated by the fact that it was symbolic for the entire 
spice trade. Already in Rome the spice peddlers were known 
as Pipemrii. Later in France they were called Pebriers, and 
in England Pepperers. ’) 

In all probability, oil of pepper was known during the middle 
ages. It is first mentioned, however, by Saladin.’) It was first 
described by Valerius Cordus') and later by Giov. Batt, Porta.*) 
The method of distillation of the oil is first described by Winthcr") 
of Andernach, who, about 1550, distilled the oils of pepper, 
cinnamon, cloves, etc. The Dispensatorium Noricum of 1589 
was the first of the pharmacopoeias to include the oil. It is 
also enumerated in the municipal pharmaceutical price ordinance 
ol Berlin of 1574, also in that of Frankfurt of 1^8.’) 

') W. Hcyd, Oi'sMchh' des Levantehandds im Mittelalter. 1879. Vol. 2, 
pp.502 527. 

■I Ibidem, vol, 2, pp. 634—640. 

*) Saladitii Asculani Compendium ammatariomm. Venetii 1488. Index. 

') Val. Cordi Annotationes In Pcdacei Dioscoridis Anazarbei de materia 
medica iibros quinque. De artiiicmis exiractionibus. Editio Cieaner. 
Araentorati. 1561. fol. 226. 

’•) Portoe llagix naluralix libri vigiati. Liber de destillalhne. 1567. 
p. 379. Editio 1589, p. 184. 

*) G'jintheri Andemacensi de medicina veteri el nova. Basil. 1571. 
pp. 630 835. 

'I H. A. van Rhecde tot Draakestein. Horlax indicus maiabaricus. 
Vol. 7, p. 14. "Oleum ex pipere destUiatum ievem piperis odorem apirana, 
saporix parum acria." 


8* 



116 


HlSTOKICAl. INTRODUaiON. 


The first chemical investigations of pepper were conducted 
by Caspar Neumann') and H. I). Gaubius,-) later ones by Willert/'') 
Oerstedt/) and Pelletier.'^) 


I^HPER OIL PROM LONG PEPPER. 

Long pepper was used in antiquity both as spice and as 
medicament. It is mentioned in a number of mediaeval drug 
lists.") Presumably, however, it never was in genera! use and 
in recent times it has come into disuse. 

Distilled oil of long pepper is first mentioned in pharmaceutical 
price ordinances in 1589. It was included in the 1589 edition 
of the Dispvnsatorium Norkum. The first chemical examination 
of long pepper was made by Winkler’) in 1827. 

OIL OF CUBEHS. 

Apparently cubebs were used as spice in China and in India 
during antiquity.‘‘) As medicament they appear to have first 
been used by the Arabians.") Kurdabali'") of Mesopotamia and 
Madusi") of Bagdad, travelers living in the 9. and 10. centuries, 
mention cubebs among the more important spices. Edrisi,'-) a 

’) C. Neumann, (inlndlichc nut /■\iHrimcntcn vrwivsene Chymie. Editio 
C. H. Kcssel. lyw. Vol. 2, Prt. 4, p. 

■) Gaubn A(h crs.ilionim varit itrgiimi'nti fiber arm. 1771. Cap. 5, p. 55. 

Troiiitmdorff'.s loiirn. der Pharm. 20, II. (1811), 44. 

♦) Schwcij«*{er’8 |ourn. fur Chemie imd Physik 20 (1819), 80. 

') Troninisdorff’s Neues |oiirn. der Pharm. B, 11. (1822), 233. 

*) Macer Horidus, l)e viribus hcrbiinini anti atm Walafndi Strabonis, 
Othonis Crcnionensis et joannis Poicz carmimbun simiUs argumenti. Cditio 
Choulant. l.lpsix 1832. p. 114. Simon januensis. Synonyma medidme stu 
Oaxissanattotm. VeneU 1510. \^onAmStdttttim'ditidclladttkit?\9A. 1857. 
Vol. 3, p. 492. ■ Kunstmann, Kcnntnk htdiem im 15. /ahrhundert. Munich 1863. 
p. 40. Saladini Comfiendiiim aroniutanorum, Bononiensi 1488. Index. 

'■) Arch, der Pharm. 2« (1828), 89. 

'I Alexandri Tralliani Opera. Edit. Puschmann. Vol. 2, p. 396. 

") Paiilus Aegincta. ■ Edltio Pr. Adams. London 1847, Vol. 3, p. 455. 

*•) Khordadbeh, U Uvre des routes et des provinces par Barbier de 
Meynard in the jotimal asiatique ’* (1865), 294. 

'*) Meynard and de Courtcille,/Va/ofs rf‘Or. Paris 1861 1877. Tom. I. 
p. 367 and Tom. IV, p. 78. 

**) Amedee lauheri, Gdtgraphie d'Edrist 1836. Tom. 1, p. 51 and 
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Sicilian geographer of the 12. century mentions cubebs among 
the spices imported via Aden. The abbess Hiidcgard‘) and the 
Danish cannon Henrik Harpestreng*) describe cubebs as a valu¬ 
able remedy. During the 13. century cubebs were used generally 
in Europe both as spice and as medicament. As such they are 
mentioned from the 14. century on in medical writings and 
municipal price ordinances.’) 

Later the use of cubebs as spice declined. Indeed they had 
almost been forgotten when at the beginning of the past century 
their use was again urged by English physicians.*) 

Cubebs were examined chemically by G. Wcdel ') in 1704, 
.soon theraftcr by Caspar Neumann,") in 1810 by Trommsdorff') 
and in 1821 by Vauquelin.') 

The volatile oil of cubebs was known to Valerius Cordus*) 
in 1540. in price ordinances it first occurs in that of Frankfort- 
on-thc-Main of 1582. 

') Hildegardis Abbatissac SuhtihMum diversanim nalumnim creatiimnim 
Uhri mvem. Editio Mignc. PalnihgJiv airsiis cumpMus. Tom. 107 (1855), 
p. IU7. iMeyvr, ViescbicMp dcr Hotanik. Vol,3, p.537. 

') Harpestreng, danske Ijiegcbog fra det trattende Aarbiitidrede, foemte 
dang utgivet eficr id Pergamenibaaiidskritt. Copenhagen. 182b. p. 62. 

") Mumimenla Oddballx Londuniensis. Uber albas I, p. 230. Cap- 
many, Idemarias bisloricas sobre la Marina, OannKteio y Arles de la Cia- 
dad de Barcelona. 1770. p. 44. Bourquelot, Pludes sur les foires de la 
Champagne. Memoires de I'lnstitut Tom. 5 (1865), p. 288. - Saladini Com- 
pendium aromalarinrum. 1488. Hans Folcz, Omfeclbueh vom Jahre l-W. 
In Choulant's Handbacb der Biicherknnde Wr die Sllere Medicirt. 18:2. 
p. 188. Rogers, Hislory of Agriculture and Prices in England. Vol. I, 
p. 627; vol. 2, p 544. Liber niger Scaciarii. Undon 1771. Vol. t, p. 478. 
Val. Cordus, Oispensatoriuni Noricum. Edit. 1548. pp. 76, 77 and 327. 
Fluckiger, Boknmente ear Gescbichte der Pbarmazie. 1876, 15, and Ilic 
Frankfurter Lisle In the Arch, der Pharm. 8(11 (1872), 441 and 211 (1877), 101, 

*) Dictionary of the Indian Islands. London 1856. p. 117. - Edinburgh 
Medical and Surgical lournal 14 (1818), 32, M6rat et de Lens, Diclionnaire 
nniversel de materia medica. Tom. 5 (1833), p. 331. 

■’) C. Wedel, De cahebis. Dissertatio. |enae 1705. 

”) Caspar Neumann, Lecliimes chymici de salihus alkalinufws et de 
eamphora. Berlin, 1727. 

5 TrommsdorfTs (ourn, der Pharm, 20, 1. (1811), 60. 

') Trommsdorffs Taschenhach iiir Chemiker and Pbarmazeulen 1822,105. 

") Valerii Cordi Annolationes in Pedacei Dioscoridis de medica materia 
libros quingue longe altx quam antea sunt bac aunt evuigatre. 1561. fol. 226. 
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OIL OF BETEL. 

When and by whom betel oil was first distilled is not known: 
it is highly probable that the preparation of the oil by Kemp') 
in 1885 was not the first. A superficial examination of Siam 
betel oil in the laboratory of Schimmel 8) Co.-) in 1887 revealed 
the presence of a phenol in fraction 250—260, which seemed 
to correspond with cugenol. Eykman,") who in 1888 examined 
an oil distilled by himself in java, found no cugenol, but a new 
phenol which he called chavicol. A second examination in the 
laboratory of Schimmel S Co. revealed the fact that Siam betel 
oil contains neither cugenol nor chavicol, but a third phenol, a 
previously unknown isomer of cugenol, which Bertram and Gilde- 
mcistcr') in 1889 termed betel phenol. 

OIL OF SWEET BIRCH. 

Next to turpentine oil, the oils of sassafras, wintergreen and 
birch bark arc among the first oils obtained by distillation in the 
United States. The similarity in odor and taste of birch bark oil with 
hue oil of wintergreen from Gauhheria procumbens was known 
before 1818.') The chemical identity of the principal constituent of 
both, however, was demonstrated by Wm. Procter |r.'') of Philadel¬ 
phia in 1843. As the demand for wintergreen oil increased and 
since wintergreen leaves were not as readily collected, sweet birch 
bark was distilled indiscriminatly with wintergreen leaves or even 
distilled alone as substitute') so that the commercial natural oil is at 
present obtained almost exclusively from the bark of Betula Ivnia, L. 

*) Dymock, Warden and Hooper, PbarniaLopntphia indica. Part. VI, p. 188. 

') Schimmers Bcriclil October Issi, ,)4. 

•) Chem. Ztfi. 12 (1888), 1338. 
loiirn. t. pr.tkt. Chem. II. ») 11889), 340. 

') Bicclow, Americ.in Medical BoUiny. Boston 1818. Vol. 2, pp. 28 and 241. 

") Americ. loom. Pliarm. l.'> (184.3), 241, 

) Betula lenta and Oaiillhcria pnKumhais grow together in the wooded 
mountainous regions ol the North Atlantic .states. In a report on the wintergreen 
oil industry, Kennedy ol Pottsville, Pa. (Americ. |ourn. Pharm. »4 [1882], p. 49) 
called attention to the fact that the cost ol collection of birch bark was but 
I 7 of that ol wintergreen leaves; also that the yield of oil from the bark was 
about 0.25 p. c., whereas that from wintergreen was 0.80 p. c. According to 
these figures the co.st of production of the oil from birch bark is but half 
as great as that of wintergreen leaves. 
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OIL OF HOPS. 

As early as the middle ages hops were used tor the 
aromatization of beer, being mentioned in literature since the 
8, century.') For .medicinal purposes hops and their glands have 
been used only in more recent times. The medicinal use of lupulin 
was first su^csted in 1820 by Ives,') a New York physician. 

Apparently the volatile oil of hops was first distilled from 
the glands in 1821 by Payen and Chevallier.*) 

OIL OF SANDALWOOD. 

Because of its peculiar odor sandalwood from Santalum 
album was highly prized during antiquity in India and China. 

Of the useful woods it was the most durable because it is 
avoided by the white ant that destroys most other kinds of wood. 

In India it was therefore used for carving images of the dicties, 
and temple decorations. Both in China and India it is used as 
incense in the cult of the dead and other religious worship. 

Sandalwood is mentioned in the earliest Sanscrit literature 
and probably also in that of China. Yet it docs not appear to 
have been an article of barter between India and China and the 
Occident. To the Egyptians, however, it was known as early 
as the 17. century B. C. They obtained it from the countries 
lying between the gulf of Aden and the Persian bay, then known 
as the Punt or Pliun.*) 

The first mention of sandalwood during the Christian era 
occurs about the middle of the first century in the Periplus of 
the Red Sea;') somewhat later in the 5. century in the writings 

') PluckiRer and Hanbury, Planmcographm. 1879. p. 551. 

*) Silliman's |ournal of Sciences and Arts tbit), 302. 

“) joum. de Pharm. S (1822), 2t4 and 533. 

') Dumichen, D/e F/otte einer Sgyplisclten KDnigin. Leipzig 1868. 
Diiraichen, Hislorische Insdiriltea. 1868. Dumichen, Aegypten. 1880. 
p. too. In Om/ien's Allgem. Weitgesc/iiclite. -Lieblein,/fara/e/um/ScAi/if- 
hihrtaaldem nitenlieereinalleaZeiten. Christiania 1886. pp.2l and3l.-■ 
Quatremere, Mimoires giographiqiies el historiques m I'Egyple. 1811. 
Vol. 2, pp. 366 -375. 

■') Periplus mark Erythrxi. Editio Fabricius. Leipzig 1883. p. 75. - 
Vincent, Commerce and Navigation of the Ancients in the Indian Ocean. 
London 1807. Vol. 2, p. 378. 
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of Kosmas indikopicustes.') Prom that time on, sandalwood is 
mentioned by a number of writers and travelers: in the 9. cen¬ 
tury by Avicenna,-) in the 10. century of Serapion”) and by 
Masudi,*) in the 11. century by Constantinus Africanus of Salerno') 
and in the 13. century by Marco Polo.") Saladin of Ascoli^ 
in the 15. century distinguished between white, yellow and 
red sandalwood.") Barbosa’*) in 1511 makes a like distinction 
and adds that the white and yellow wood arc obtained from 
the Malabar coast and cost ten times as much as the red. 
RumpP") in 1741 was the first to give a good illustration of 
the tree. 

inasmuch as the volatile oil of sandal-wood has come into 
use medicinally only in recent times, it is mentioned but seldom 
in mediaeval works and in the later treatises on distillation. 

') Clinsiiitiiit loponidpliia. in Mi}»nes hitrulogijo uimis compfetiis. 
Svtkw gr.vt.i. Vo). 88, pp. 574 .ind 44ft. I.asscn, litdischc Altertumskundc. 
Vol. 5, p. 40. Meyer, der [lot.inik. Vol. 2, p 

Avicenna: Ithn rn tv inedicit omnes; httirre tvdditi nh I. Paulo Mon{{io 
vt ICo'sXxn rccogniti. 2 Vol. Vcnclis !.jft4. Oman mediemx. Lib. 11. 
tl. Cap. ft5ft. 

') l.ihi'i ^fcrxpmh tiggreg.ilus tn iwdtchirs stmplidhiis. Mediolani 1475. 

') Ali el Masudi, l.vs /Va/V/c.s d'Oi, le\le et trddnitv pitr Meynard et 
K dc Coiirtcille. ^ Vol. {the original Arabian te.vt was completed in 984). 
Paris I8ftl 1877. Vol. l,p.222. 

') Constantin! Airicani Opvt.i otnnid. Basiiia: i53ft. Liber de gradibus. 

p. 

“) Paiithier, I.e I.hrc de tianv Polo. Paris 18ft5. Tom. 2, p. 580. 

■) ComiHntdhtni •inmtMariormn Saladini prlndpts tarcntl dignmimi 
media dihgenter eorrecUim et emendatirm. 1488. 

1 it is not at all Improbable that even during premediaeva) times the 
wood of the f*tcnKarpus smtUdinm. 1... IH. 0. Legiiminosa:, Vihich tree Is 
indigenous to the Southern parts of the Last Indies and to the l^ilippines, 
was used on account of its red pigment. Inasmuch as it was imported from 
the same countries that yielded the fragrant sandalwood it was at first re¬ 
garded as related to sandalwood and hence so designated. This error and 
with it the false designation has remained. In consequence many an author 
has placed them together, c. g. in the list of I'rankfurt of 1450. Garcia da 
Orto recognised the mistake and called attention to it thou0i in vain. (Ab 
Horto, ColloQuios drrs simples e drogas be vousas medidnah da India, 
e assi dalguas fnitas avbadas nclla attde se tratam. 1563. Varnhagen’s 
reprint 1872, p. 188. Editio Carolus Clusiiis 1539, p. 68.) 

Ramusio. Delk nadgationi et viaggt. Venetia 1554. fol. 6. 

"*) Kumphii Herbarium Ambornense. Amsteiodami 1741. Vol. 2, p. 42. 
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Its distillation is recorded by Saladin,') by Conrad Gesncr^ and 
by Friedrich Hoffmann.*) The yield was first ascertained by 
Caspar Neumann and Dehne.*) It was first examined by 
P. Chapoteaut.*) 

It is reported that in Ceylon distilled oil of sandal-wood 
was used for the embalming of the dead bodies of princes as 
early as the 9. century.*) 


OIL OF STARANISE. 

Owing to its peculiarly shaped and aromatic fniits, the star- 
anise tree has no doubt been known since antiquity and has 
received attention. However, Chinese literature appears to contain 
little concerning its use. Under the Sung dynasty, between 070 
and 1127, several of the southern Chinese provinces had to 
furnish star anise as tribute.') Into European commerce it was 
apparently introduced by the circumnavigator Thomas Cavendish, 
who in 1578 brought it to London from the Philippines. It was 
in London that the Leyden Professor Carolus Clusius first became 
acquainted with the fruit and described it k Anisum philippin- 
arum insuhrum.') According to a statement by Redis, star- 
anise is supposed to have been known to the Italian drug trade 
as early as the middle of the 16. century under the name 
Fwniculum sinense,") but apparently was not used until the 
middle of the 17. century. 

The volatile oil of staranise was distilled some time during 
the 18. century but was not used to any extent until the 19. century. 

Compendium aronuUarhnim ^Minl 1488. lol.34<). 

‘) Ein kdstlicher SchaU Eiionymi Phlliatri. 1555. p. 246. 

“) Frederici Hottmannii Observatorium physico-chemicamm selecthnm. 

Hala: 1722. Lib. III. Observ. I, p. 69. 

‘) Crell’s Chemisches journal * (1780), 18. 

'•) Bull. Soc. chiiti. II. #7 (1882), 303. 

*) FIDckiger and Hanbury, Pharmacographia. II. edit., 599. 

’) Bretschneider, Study ahd value of Chinese botanical works. Foochow 
1870. p. 14. 

•) ami Harionim plantanim biatoria. Antwerp. 1601. p.202. 

") Hcdi, Experiente naturali. Firenze 1671. p. 119. Tavula 2. — Latin 
edition: Redi, Experimenla circa res divetsas aaturaies, specialim illas, quae 
ex India adieruntur. Amstelodami 1675. p. 172. 
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The chemical composition of staranisc and the yield of oil were 
studied about the time by Caspar Neumann and Friedr. Cartheuser; ‘) 
somewhat later, /. e. in 1818, by W. Meissner.-) 

OIL OF YLANG YLANG. 

It is only since the beginning of the sixties of the past 
century that ylang-ylang oil is being distilled in the island of 
Luzon, P. 1. The first to take up this distillation was F. Steck*) 
a German apothecary in Manila, and the uncle of Pablo Sartorius, 
whose name is still associated with the firm that makes a 
speciality of this oil. Of the larger distillers of that early period, 
). Witte and von Westernhagen should be mentioned. 

In Europe it was the Parisian apothecary F. Rigand*) who 
contributed to make known this oil. However, ylang-ylang oil 
did not become widely known until the world’s fair in 1878, 
when it was exhibited in Paris by Oskar Reymann and Adolf 
Roensch of Manila. 

OILS OF MACE AND NUTMEG. 

Older literature contains no definite information pertaining 
to knowledge of or use made of nutmegs during antiquity. 
Statements, such as occur in the writings of Plautus, Scribonius 
Largus, Dioscorides, Pliny, Galen etc. that seem rcfenable to 
mace, may as well be referred to the bark of Ailanthus mala- 
barica, D. C., an East Indian tree.') Into western Europe the 
fruits were probably introduced by Arabian physicians. 

About the year 1180 nutmegs arc enumerated among the 
spices imported into Accon, the port of southern Syria.") In 

') f. A. Cartheuser, F.kmenta chymiae-medks dogmalko-experimentalis: 
uim cum synupsi nuacriit medicae selections. Hal® 1736. Vol.2, p. 327. 

') Chemische Untersuchung des Stemeais. Buchholz, Taschenbuch ISr 
Scheidckiiiistler und Apotheker auf das /ahr ISIS and ISI9, t. 

*) Pharm. Zentralh. 9 (1868), 46. 

') Ibidem • (1866), 478. 

') Aco.sta, Tractato de ias drogas y medicinas de las India orientales. 
Biiriios tSiS. p, 40. Merat et De Leus, Diet, de Materia medica. 1832. 
Vol. 4, p. 173. 

tiecueil des Historiens des Croisades. Lois. 1843. p. 173. — W. Heyd, 
Gesebkhte des Levantebandels im Mittelalter. 1879. Vol. 2, p. 624. 



History of individuai. voutile oils. 


123 


1158 nuces musatarum from Alexandria were articles ol 
commerce in Genoa.') At that time they were evidently prized 
for fumigating purposes.*) From that time on, nutmegs were 
found in all of the larger marts and soon became one of the 
most precious spices. Their geographic source, however, 
apparently first became known through the travelers Lodovico 
Barthema and Pigafetta*) in the beginning of the 16. century. 

It was about this time that the Portuguese, having taken 
possession of the Spice Islands, made a monopoly of nutmegs 
and other indigenous spices, A century later, when in 1605 
the Portuguese were driven out by the Dutch, the latter attempted 
to concentrate the production and commerce of nutmeg to a few 
islands, notably on Banda and Amboina. With this in view they 
destroyed the spice-producing trees and shrubs on the most 
productive islands and forbade their cultivation.*) This inter¬ 
diction was not removed until 1863, In 1769 the French succee¬ 
ded in transplanting the nutmeg tree to Mauritius and at the 
beginning of the 19. century the English began its cultivation in 
Benkulen (Sumatra) and Penanz. 

Until recently nutmeg and mace belonged to the most expensive 
spices. With the cultivation of the nutmeg tree in Dutch, English and 
French colonies, nutmegs became more plentiful and hence cheaper. 

The distilled oils of nutmeg and mace were well known to 
the authors of the treatises on distillation that appeared during 
the middle of the 16. century and later. Valer. Cordus,*) 
Walter Ryft,*) Conrad Gesner,*) Porta,") Winther*) and others 
make repeated mention ol both oils. 

') Historia Palria: mimmnt. Charts; 11. Torino 1853, lol. 514. 

’) Petrus tic Ebulo, Carmen rfa miitilms Uailis. Basili® 1740. p. 23. 

’) Ramusio, Oelk navigalioni et viaggi. Venetia 1554. lol. 183 and 
lol. 389b. 

') Hasskarl, Neiier Scliliissel an Humpis Herhariiim amboimme. 
Halle 1806. Vol.2, p.l7. 

*) Valer. Cordi Aimotaliones in Pedanii Dioscoridis de Materia meika 
iibri V, De artitidosk exlraclionibus liber. 1540. lol. 220. 

”) Gualtherius RyR. New gross Oestillirbucb. Editio FranMurt a. Main 
1556. lol. 181. 1888, 

') Euonymi Philiatri fin kOstIkber Sclialz etc. 1555. p. 215 

') Portx Magiae patiiralis Iibri20. LibriOe destiilatioiie. Pats l,p. 378. 

*) Guintberi Andetnacei de medkirta veteri et ima. Basilis 1571. 
p, 630-635, 
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Both oils are first mentioned in pharmaceutical price 
ordinances of Berlin of 1574, of Frankfurt and of Worms of 1582, 
and in the 1589 editions of the Dispensatorium Noricum. 

These oils were first examined by Caspar Neumann,*) 
Conrad Mich. Valentine'*) and Bonastre.*) 


OIL OF CAMPHOR. 

In China, camphor has been prepared and used in early 
antiquity. The first documental reference to it is found in the 
writings of the Arabian prince Imru-l-Kais of the sixth century;') 
also in the Koran, in which it is mentioned as a refrigerant 
in connection with the beverages of the blessed in paradise.’) 
Aetius of Amida, also in the sixth century, mentions camphor 
as a remedy.") When the palace in Madain of Chorocs II. king 
of the Sassaiiida- was pillaged in 636, much camphor was taken 
in addition to musk, ambra, sandalwood and other oriental 
aromatics.') Later, when Arabian sailors and merchants sailed 
to India and China, they became acquainted not only with the 
principal ports via which the camphor was shipped from .south¬ 
eastern Asia to the Mediterranean countries, but also with the 
sources of supply. Thus the Arabian merchants and physicians 
became acquainted with the different varieties which entered the 
world’s market in part from China, in part from Sumatra. Marco 
Polo, in the 13. century, also became acquainted with the 
camphor in Sumatra and Borneo.') 

') riramann, L’hymm medka dugmiiliai-niKrinKntalis. Zullichau I7W. 
Vol. 2, P.irt 3, p. 437. 

■*) Maciti Mdno acd peipctam, Mitskaknblumy dicta. Dissertatio. 
Ciimen 1711). 

■) Tromnisdorlf's Ncues )ourii. der Phann. s, II. (1824), 231. 

') In Itm Haiilk al Hamdany's manuscript on the description of Arabia, 
p, 170, and riiickiper's i*ltarmaatgiiu.sie. p. 154. 

■■) /.e Koran, tradnit par Kaaitnirsh, Cap. 76. V. 5 and 6. 

“) Aetii ab Amida mcdici grxei ex velerihux medicins Telrabiblos. 
I'dilio I'roben. Basilix 1542. p. 426. 

') Weil, Ciescbicble der Lyialilen. Mannheim 1846. p. 75. 

*) Yule, Book of Set Marco Polo. London 1871. Vol. 2, p. 185. — 
Paiilhier, /.e Hire de liarco Polo. Paris 1865. Vol.2, p. 577. - Masudi, 
Prairies d'Or. Editio Meynard el de Courteille. Paris 1861. Vol. I, p. 367. 

Ritter's trdknnde eon Asien. 1834. Vol. 3. pp. 858 881. 
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The preparation of camphor in japan was first described by 
Engelbert Kaempfer.') Probably the Japanese learned the method 
of preparation from the Coreans. It is said to have first been 
introduced into the province Satsuma on Kiuschiu and later 
spread over the rest of Kiu.schiu and over Schikoku and other 
parts of Japan.*) The age of the production of camphor in 
Formosa is unknown. Klaproth") who visited the island at the 
beginning of the past century refers to the production of camphor 
as one of the principal industries of Formosa. Since the occu¬ 
pation of the island by the Japanese, the distillation of camphor 
has been increased materially. 

In medical practice camphor was known to the Arabians. 

In Italy it was used during the II. century and in Germany 
during the 12. century. 

Camphor oil was first brought to Europe in 1884. As 
principal constituent of the oil, Schimmcl 8| Co. discovered 
safrol and isolated it on large scale. 

OILS OF CASSIA AND CEYLON CINNAMON. 

The cassia bark of China and the cinnamon bark of the 
Indian archipelago are among the longest known and used spices. 
Cassia is mentioned in the earliest herbals and medical treatises 
of China,') about 2500 fi. C., and as early as the 17. century B. C., 
it appears to have been used by the Egyptians.*) It is also, 
mentioned in most of the writings of antiquity. Thus in addition 
to other spices it is mentioned in Sanskrit literature and in the 
Old Testament.") 

') E. Kampfer, Amtcnilale.i exotkx. LemRo 1712. p. 772. (With art 
illustration of the tree.) 

*) lames W. Davidson, The Island of Pormosa. London and Mew York 1903. 

“) Klaproth, Memoiits relatifs a I’Asie. Paris 1824. 

*) Bretschneider, On the study and value of Chinese botanical works, 
with notes on the history of plants and jeoRraphial botany from Chinese 
.sources. Foochow 1870. 

‘I Diimichen, Die Flolle drier Sgyplischeii KOiiigiii. l eipziR 1868. - 
Schumann’s Krilische Untemnchiingen iilier die ZimllSnder. lirgSnziiiigs- 
hell No. 73 zii Petermam's Mitleiliingen. Gotha 1883. p. II. 

•) Exodus, 30; 23 and 24. - Psalms, 45; 0. |eremiah, 6; 20. Hesekiah, 
27: 19. - Proverbs, 7; 17. Song of Solomon, 4; 14. - |esus Sitacb, 24; 
20 and 21. - Apocalypse, 18: 1.3. 
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As its geographical source, mythical countries are mentioned; 
also and this, no doubt, because of the customary commercial 
routes*) Arabia and Ethiopia.’*) At the time of the Hebrews 
the commerce in cinnamon was largely in the hands of the 
Phoenicians.'*) In order to guard their own interests, the Phoenician 
merchants did not correct these erroneous surmises and state¬ 
ments. Hence for centuries the real source of cassia remained 
undecided. 

fioth Greeks and Homans knew and used cinnamon. The 
Arabians introduced it into western Europe. From the 8. century 
on, it was a well known though costly spice. As such it is 
frequently mentioned among the presents given by princes to 
each other or to the pope.') During the 12. and 13. centuries 
botli Cluncsc and Ceylon cinnamon were common articles of the 
Levant trade'’) and in the eastern ports of the Mediterranean. 
From the 15. century on, both were current articles iri apo¬ 
thecary shops. “) 

Later when the more expensive Ceylon cinnamon was also 
brought into the European market, the two kinds were frequently 

') Historic.'il intro(ii)ction, p. 5. 

Dfmiithcn, bic I'foUv vina Cifiypfisvhen HOnigin. t8t»8. — Dumichen, 
Ih'stoHsitiv inschrillcn. Dumichen, Agypten in OiicIkik AHfivmeinvf 

WcItffcsdHdttc. 1880. p. 100. — Herodoti Historittram iihri. Lib t, 107 
and 110. Lib. .1, 110 112.-' Thcophrasti///slor/a p/antamm. Lib. 0, 4--5. 

Arriani Annhasis. IJb. 7, 2ti and 21. — Fragnienia /listorkvrum grs^vormn. 
be man i'r}thr,i‘o. p. 07. Dioscoridis, be nwdica materia iibri quinque. 
Lib. 1, 12 and VX Lditio Kuhn-Sprcngel 1820, Vol. 1, p, 23. — Ptinii Naturalis 
hktori.v lihri. l.ib. 12, 41 43 and 4b. - beriphis maris Lrythnei. Editio 
Labriclus. 1883. pp. 47 and 51. A. H. L. Heeren, ideen uher die Politik, 
den Veikehr and den itandel det voniebmsfen VOlker der aiten Weft. 
Gdttingen I70e. Vol. 2, pp. oil 013. - Meyer, GcscMchte der Botanik. 
Vol. 2, p. 80. 

') Sec pp 5 and 0. - Lassen, fndische Altertnmskunde. Bonn 1847. 
Vol. 1. p m 

') liber tmutifiais. Cdilio Duchesne. Paris 1886 Vol. 1, p. 177. - 
Pimlvs,sm, bipfonuta ebart,e etc. Paris 1840. Vol. 2, p. ^ - )affe, Hib- 
bolheea rcrum Qermanieannn. 1886. Vol. 3, p. 218. 

') See p, 11. 

Fr. Bald. Pcgolotti, La pratiea della mercatura. In Pagnini Della 
deama e delle altre graeczze etc. Lisboa c Lucca. 1766. pp. 27, 44,49,64. 

)ah. de O.irlandia, bkUonnaire. Fditio Scheler in Lexigrapbic latine du 
12. et 13. sii'de. p. 28. 
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confounded. Garcia ab Orta in 1536 was the first to distinguish 
definitely between the two kinds.*) In the accounts of the 
Portuguese, who under Vasco da Gama touched at Ceylon in 1498, 
mention is made of cinnamon as one of the products of the 
island, without, however, regarding it as better than the Chinese 
cinnamon previously known to them.*) Even later most of the 
cinnamon that was imported over the water route via Ceylon 
into the ports of the Erythrsan and Red seas, appears to have 
been Chinese cinnamon. Ceylon cinnamon was originally collected 
in the forests of tlie interior of the island. This product was in 
no way the equivalent of the present-day bark, obtained by 
rational pealing from improved plants. These improved methods 
of production appear to have been introduced toward the close 
of the 16. century.") After the occupation of Ceylon by the 
Dutch in 1556, one of the governors greatly improved the culti¬ 
vation of cinnamon. As a result they soon were in a position 
to supply the European market with a bark that was superior 
to the wild product.') After the occupation of the island by 
the British in 1796, the cultivation of and commerce in cinnamon 
became the monopoly of the British East India Company. The 
monopoly lasted until 1833.') This company levied an export 
duty and thus injured the Ceylon trade causing the Dutch to 
cultivate cinnamon in Java and Sumatra. 

When in the course of the fifteenth century the distillation 
of aromatic waters for medicinal purposes became a common 
practice,") cinnamon bark was undoubtedly distilled for the pre¬ 
paration of its water. The Canon St. Amando of Doornyk living 

') Garcias ab Horto, CoHoquius dos iimples c dnipas he cointas medi- 
chmis da India etc 1563. Editio (. A. von Viimhacen. 1872. p. 63. - Editio 
Clusius, Arvmaliim el simpHeium aliqimt medkainentoriorum apad Indos 
naseeiiliiim historia. Antverpi® 15d3. p. 60. 

-■) Odoardo Barbosa in Ramusios Mie navigathni cl viaggi. 1554. 
t:ditio Hakluyt Society, London 1866. “East Indies." 

■) Utlera di Rlippo Sassetti a Francesco I. di Medici, Sloria dei viaggia- 
tori itaiiani. Legbom 1875. p. 367. 

')). A. Murray, Apparatus medicamimim lam simpllcium qiiam prx- 
paratorum et compositorum, 1787. Vol. 4, p. 421. — Hees von Esenbcck, 
Amanitates hutaniea; Bonneuses. 1823. Ease. 1. 

') Sir James Emerson Tennent, Ceylon, an account of the Island, phy¬ 
sical, historical and topographical. S'b edit. London 1860. Vol. 2, p. 164. 

“) See p. 30. 
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toward the end of the 15, century seems to have been the first 
to isolate oil of cinnamon') in addition to bitter almond oil and 
oil of rue, and several other volatile oils. Valerius Cordus had 
prepared the oil about 1540.*) At that time it may already have 
found application in medicine, so that it was included in the first 
edition of the Dispensatorium Noricum. Lonicer soon afterward 
distilled the oils from the .spices, among them cinnamon oil, in 
a new peculiar apparatus.*) In the price ordinances cinnamon 
oil is first mentioned in that of Berlin of 1574, also in that of 
tVankfurt-o.-M. of 1582. 

Winthcr of Andernach') distilled and described the oil in 1570, 
and G. B. Porta in 1589.') 

The early observations made on cinnamon oil were restricted 
mainly to the crystalline deposit formed upon prolonged standing. 
Such crystal formations were observed (among other.s) by 
Ludovici") about 1670, later by Slarc in England,') by Boer- 
haavc') and Gaubius") in Holland. The latter regarded them as 
camphor; Du Menil"') and Stockmann") supposed them to be 
benzoic acid, Dumas and Pcligot'*) in 1831 recognized them to 
be cinnamic acid. C. Bertagnini prepared pure cinnamic alde¬ 
hyde in 1852."') 

') See p. 33. 

•) Valerius Cordus, Ih artificiom extraetkmibus Uber. Edit. Gesner. 
Arjienlator. l5ol. fol. 220. 

••) See the next chapter. 

’) Guintheri Andcmacel Ub^r cfe* veteri e/ nova medkma. Basiiiae 1571. 
pp. t>;J0 - 0.35. 

Cl. It. della Porta, Liber de destiHatione. Romx 1563. fol. 75. 

“) t-pbemcridea niedico-physicse Acddemix naturabs, Curiosorum oh- 
servtdiones t4o. p. 378. 

•I Philo.sophical TrAnsaction.s of the Royal Society of London. Vol. 3 
(1686). p.362. 

') Boerhaave, IzJementa chemix etc. LugdunI Batavorum 1732 Vol. I, 
p. lOb. Vol. 2, pp. 114 and 121. 

") Gatibii Advemariorttm varii argumenti Uber umis. Leyda? 1771. 

p.2«. 

*'*) Buchner's Repertor. der Pharmacie o (1819), 1.— Schweigger’s journal 
fur Chcmic tind Phystk *Jt (1819), 224. 

") Trommsdorff’s Neues joum, der Pharm. 14 (1827), 237. 

•') Annal. de Chim. et Phys. II. 3* (1834), 305. “ Liebig's Annalen 14 
(1835), 50, 

'“) Liebig's Annalen N-'i (1853). 271. 
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The yield of volatile oil from cassia and cinnamon barks 
was determined by the following observers: G. W. WedeM) in 1707; 
Friedr. Cartheuser,-) Caspar Neumann’) and Phil. F. Gmelin*) 
in 1763; |. F. A. Gocttling’) about 1803; by Dehne*) about the 
same time; also by Buchholz’) in 1813. 


OIL OF SASSAFRAS. 

As already mentioned under the oils of sweet birch and 
wintergreen,”) next to turpentine oil, the oil of sassafras was 
the first volatile oil distilled in North America. On account of 
the pleasant aroma, the root bark known as Pavame was chewed 
by the natives. It was also mixed with smoking tobacco") and 
added as aromatic to refreshing beverages and was used as a 
remedy. On account of its peculiarity, the sassafras tree is 
said to have attracted the attention of the Spaniards at their 
first landing in Florida under Ponce dc Leon in 1512, also under 
de Soto in 1538. They arc said to have regarded it as a kind 
of cinnamon tree. Afterward the sassafras tree soon came to 
be regarded as a valuable medicinal plant”) and article of luxury 
of the new world. In Mexico it had long been regarded as such.") 
As late as the first half of the 19. century the bark, leaves and 

') Wedel, De dimamomo. Dissertatlo. )ena: 1707. 

*) Cartheuseri Elementa chymiee dogmatico-experimeolalis, Hala: 1736. 
Vol. I, p. 127; vol.2, pp. lOR and 187. 

") Neumannii Chymia media dogmalko-experimenlalis. Editio Kessel. 
ZDIIichau 1750. Vol. 2, pars 2, p. 20. 

‘) Philipp F. Gmelin, De analepticis quibusdam nobilioribas et cimamomo. 
Dtesertatio. Tubingen 1763. 

’)). F. A. Gdttling, Analyse der Cassiemimtrinde. Buchholz Taschen- 
biich far Scheidekanstler and Apolheker tSOt, I. 

*) Neues Beri. |ahrbuch liir Pharmacie IHOa, 289. 

’) Buchholz Taschenbuch fur Scheidekiinstler and Apolheker 1814, I. 

■) See p. Its. 

*) C. S. Ralinesque, Medicinal Flora or Manual ol the Medial Botany 
of the United States of Norfli Amerio. 1830. Vol. 2, p. 35. 

'“) Monardes, Historia medicinal de las cosas que se Iraen de nuestras 
Indias occidentales qui sirren en medicina. Sevilla 1574. p. 51. Editio latina 
Clusii. Antverpia 1593. pp. 355-359. 

") joannis de Laet, Americae atriusque descri;dio, Noma Orbis, sea 
descriptionis Indiie occidentalis libri IS Lugduni Batav. 1633. p. 215. 

GlLUFMCimR, Tnt VOLATILE OILS. 9 
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buds were used in the middle and central states as a substitute 
for Chinese tea,') 

As early as 1582 sassafras wood and bark became known 
in Germany as a new American drug and were used under the 
name of Lignum pavanum, Lignum Uoridum, Lignum xylo- 
marathrum (Fenchelholz).*) In 1610 young plants were brought 
to England and cultivated.*) Bark and wood were apparently 
first distilled in 1620 by Angelus Sala of Vicenza, who as body 
physician to the Duke of Mecklenburg, lived in Schwerin from 
1610—1639, and who mentions that the oil is heavier than water.') 
Schroeder’s L^armacopaa medico-chymica, published in Frank- 
furt-on-thc-Main in 1641, is the first pharmacopoeia that gives 
directions for the distillation of the oil, whereas the municipal 
price ordinance of Frankfurt-on-the-Main of 1587 already enumera¬ 
tes Ohum ligni sassafras. Friedrich Hoffmann in Halle distilled 
the oil in 1715 and describes it as being colorless and speci¬ 
fically heavy.') In 1738, )ohn Maud, an Englishman, observed 
the formation of large crystals of sassafras camphor.*) Early 
examinations of the oil were made by Muschcnbrocck, by Caspar 
Neumann,') and by Dehne.") The first thorough investigation 
was made by Grimaux and Ruotte*) in 1869. 

Detailed and definite statements concerning the medicinal 
use of sassafras bark and wood appear to be wanting in American 
literature. This is also true of the early distillation of the oil. 
Aside from the communications by Monardes, De Laet and others, 
one of the first references to these drugs is found in the list 
of drugs mentioned on p. 94 (footnote 7), as having been im- 

') |. U. lloyd. Historical study of Sassafras. Pharmac. Era (Hew York), 
a» (1848), m. 

*) FluckiRcr, Dohimente lur Gexhichte dtr Pharmacit. Halle 1876. 
pp. 30 31. 

*) PliickiRer and Hanhury, Pharmacographia. 1874. p. 537. 

*) Sala, Opera physico-medica. Hydrelieologia. Rostock 1634. p. 84. 

*1 Fr. Hoffmannii Observationes physico-chymicae. Observatio I. De 
o/c/.s destillatis inque eorum dcatiUatione obaervanda. pp. I3--I4. 

*) Philosophical Tr.msactions ol the Royal Society. London, 8 (1809), 243. 

’) Caspar rieiimann, Chymia medica dogmatico-experimenlalis. 1744. 
Vul. 2, pars 3, p. 248. 

') PfafI, System der Materia medica. 1815. Vol. 4, p. 242. 

•) Conipt. rend. S'- (1864), 428. 
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ported from the “Province of Virginia" into England in 1610. 
More than a century later it is again mentioned in the reports 
on his travels made by the Swedish botanist Peter Kalm, who 
in 1748—1749 traveled through the north Atlantic provinces of 
the then English colony as far as Montreal and Quebec. He 
found the sassafras tree widely distributed in Pennsylvania. New 
jersey and New York.*) Kalm also mentions that the bark and 
wood arc used for flavoring rootbecr and brandy, also universally 
as medicament In the distillation of brandy, bark and root are 
distilled with the brandy.^) 

With the Indians, sassafras was highly reputed as blood 
purifyer.^ Later the colonists used it in the preparation of 
their domestic remedies. 

It is unknown when the distillation of sassafras oil had its 
beginning, though this was probably at the beginning of the 
19. century. This much at least is true that )oh. David Schoepf, 
an experienced physician and careful observer, who in 1783 
and 1784 traveled through the Atlantic states of the Union alludes 
on several occassions in his reports to the wide distribution of 
the sassafras tree, but apparently has not heard of the distillation 
of sas.safras.') 


OIL OF BAYBERRY. 

In classical antiquity the laurel, Uurus nobilis, L, was 
utilized as symbol of victory and fame”) but found no other use 
than that of a decorative plant. During the middle ages its bark 
and leaves were used medicinally. 

The mixture of fatty and volatile oil, or butter, the oleum 
laurinum obtained by boiling the fruits with water was used 

') Peter Kalm, Beschreibang der Reise mch dem nSrdlkhen Hard- 
amcrika im Jahrt 1748- 1749. German translation. GOttingen 1754. Vol. 3, 
p. 355. 

■') lUdem vol. 2, p. 482. 

^ C. S. Rafinesque, Medicinal Flora or Manual of the Medical Botany 
of the United States of Morth America. 1830. Vol. 2, p. 235. 

*) johann David SchSpf, Reise dutth die mittieren and sBdlichen Ver- 
einigtea nordamerikanischen Staaten, nach Ost-florida and den Bahama- 
Insein in den Jahmn 1783—1784. Erlangen 1788. Vol. I, p. 415. 

') Hehn, KuHarpBanzen and Haustiere in ibrem Obergang aus Indian 
nacb Griecbenland and Italien. 3*4 08 . 1877. pp. 106—201. 

0» 
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during antiquity. In the older literature it is enumerated among 
the substances used for anointing and for medicinal purposes,*) 
also among the aromatics.*) It found a place in the first edition 
of the Dispensatorium Noricum of 1543. 

The volatile oil of the fruits appears to have been used 
formerly for medicinal purposes. At least it is included in the 
price ordinance of Frankfurt of 1582 and in others of a later date. 

OIL OF SPOONWORT. 

During the middle ages spoonwort was regarded as a remedy 
against scurvy. As such it is mentioned in older treatises on 
medicine and distillation. It was pictured in |oh. Wier’s") treatise 
on scrofula in 1567. The distilled oil of spoonwort seems to have 
been known and to have been used medicinally since the middle of 
the sixteenth century. This use, however, does not appear to have 
been general, for the oil is not mentioned in any edition of the Dis- 
ponsatoriuni Noricum, neither in the Pharmacopaa Augustana 
nor in Schreeder’s Pharmacopwa medico-physica of Frankfurt- 
on-the-Main. It occurs, however, in the municipal ordinance of 
Frankfurt of 1587. Later it occurs also in inventories of apothecary 
shops of Braunschweig and Dresden of 1640 and 1683 respectiv¬ 
ely.') At the beginning of the eighteenth century it was distilled 
by Fricdr. Hoffmann in Halle and described by him. 

OIL OF MUSTARD. 

Mustard seed was known during antiquity and was esteemed 
for one reason or another as becomes evident from the symbolic 
references made to it in the New Testament.") It appears to 

') Dioscorldcs, De materia medica Hbri qiiinyue. Editio Kuhn-Sprengel. 
1820. Vol. I, p. 53. Palladius,/te fir rust/ca. 11.7. Editio Nisard. p. 554. 

VCmx Nalmaiis historic Uhri. Lib. 7. Editio LiUrd. Vol. 1, p. 54S. ■ 
Hildepardis Abbatisss Physka, Editio Migne. Patrologix Carsiis compictus. 
Vol. 197. 15, p. 1228. 

‘) Douct-d'Arcq, Comptes de rArgentcrie des mis de France au XIV”" 
siicle. 1851. Vol. I. p. 207. 

*) fob. Wicr IPiscinarius), Medicamm observationum raranim iiber. 
Basilia; 1567. pp. 32—34. 

') riuckiger, Dokumente zut Qeschicbte der Pbarmacie. 1876. 

') Matth., 13:31. Luke, 13:18 and 19. 
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have been utilized first as spice,') and later also as external 
remedy. As the latter it is referred to by Theophrastus,*) Dios- 
corides,") Pliny,') Scribonius Largus") and Alexander Trallianus. 
In the writings of Columella arc found the oldest directions for 
the preparation of table mustard.") About the year 800 mustard 
was cultivated in the neighborhood of Paris.') Its cultivation 
was directed by Charlemagne in his CipiWiare of 812.'’) In 
Spain it was cultivated by the Arabians.*) From here its 
cultivation spread to Germany and France in the 10. century 
and thence to England'") during the 12. century. 

The first statement which indicates a knowledge of the fact 
that mustard oil can be obtained by distillation with water, is 
found in the writings of Porta;") another in the writings of the 
Parisian apothecary Nic. le Febvrc.'*) Boerhaave, however, seems 
to have been the first to prepare the volatile mustard oil in 
1732 and to have called attention to its properties.'*) That it 
contains sulphur was observed by Tliibierge of Paris in 1819.") 
Boerhaave and Murray'*) observed the great density of the oil; 

') Mommsen, Bertchte dcr Sachsischen Gesellscliaft der Wissenschaften. 
i.eipzig 1—80. 

-) Theophrasti Eresii opera, qihv supersunt, omnia. Edillo Wimmer. 
I8t)6. p. J(W. 

I Dioscoridis de materia mcdica lihri quingiie in Kuhn-Spren^rel. 
Medicoriim ifiivcoriim opera qux extant I82Q. Vo!. I, p. 52, !*J1 and 291 

‘) Plinii MaturtiUs bistorni' fihri. Lih. !9, p, 54 and Lib. 20, p. 87. 

’■) Scribonii Lariji Comirositiones medkamentormn. Cditio Hclmreich. 
1887. 9, p. 5b 

") Co\ume\\x/)e K rustica ct de arhorifm.s. Editio NLsard. 1877. p. 493. 

•) Giierard, Poiyptique de I'ahh^ Irminon. Pari.s 1844. p. 716. 

') Capitalare de viUis et torlis intfrcrialihu.s. Explained by A. Thaer 
in Fuhlinjj's Landwirts^alHiche Zeitung. Berlin 1S7S, 241 260. 

“) Dozy, U Cahndfier de Cordue dc tannde 961. Lcyde 1873. 

'**) Rogers' History of agriculture and prices in England. 1866. p. 223. 
- Pharmaceutical lourn. III. H (1878), 852. 

*') Porta; Magia: nataralis tibri viginti. Liber de desti/lationc. Romac 
1608. p. 153. 

'*) M. Ic Fcbvre, Trait6 de la Chymie. Paris 1660. Tom. 1. 

Boerhaave, Ckmenta chemix, qasamiiversariolabore docuit in puMicis 
privatisque)u:holis. lugduniBatavonimI732. Editiolondinl. 1732. Pars2,p.'lB. 

*') |oum. de Pharm. 5 (1819). 20, 439 and 446. Trommsdorft's Heucs 
lourn. d. Pharm. 4. II. (1820), 250. 

). A. Murray, Apparatus medicaminam tarn simpliciam quam prx- 
paratorum et compositorum. G5ttingen 1794. Vol. 2, p. 399. 
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)ul. Fontenclle determined the specific gravity in 1824, also its 
solubility in water,') 

Undoubtedly those who prepared mustard oil knew that the 
volatile oil does not preexist in the seed but is produced by 
the action of water. Yet the first to call attention to this fact 
were Glaser'') in 1825, Boutron and Robiquet") in 1831, and 
independently of these Faurd') as well as Guibort,’) both in 1831. 
Shortly after (1833), Dumas and Pelouze") made the first 
elementary analysis of the oil and discovered the thiosinamine, 
which mustard oil forms with ammonia. That mustard oil is 
produced by the action of a ferment was noticed by Boutron 
and Frcmy.') They isolated myrosin by extracting the seed with 
alcohol and obtained mustard oil by allowing this substance to 
act on the aqueous extract of the seed which had previously 
been extracted with alcohol. Sinigrin or myronate of potassium, 
was first prepared by Bussy.') He termed the underlying acid 
acide myroniijue and with Robiquet”) determined its physical 
constants and its behavior toward reagents. The knowledge of 
the chemical composition of the oil was advanced materially by 
Will"') and simultaneously by Wertheim") who regarded the 
mustard oil as allyl sulphocyanate. 

Ludwig and Lange") confirmed the existence of sinigrin and 
its decomposition by ferment action into mustard oil, sugar and 
potassium acid sulphate. This reaction was made more clear 
by the detailed studies of Will and Koerner.") 

‘) journ. de Chim. indicate 1 OS25), 130. — TrommsdorfTs Neues journ. 
dcr Pharni. K., II. (1027). 210. 

*) Repert. f. d. Pharm, 1. 22 (1825), 102. 

“) journ de Pharm. II. I" (1831), 294. Geiger’s Magazin f. Pharm. und 
bxper. Kritik 88 (1831), 04 and 67. 

*) journ. de Pharm. II. 17 (1831), 209 and 21 (1835), 464. 

“) Ihniem 17 (1831), 360. 

*) Ann.de Chim. etl^ys. 11.7i3(I833) 181. - Liebig's AnnaJen 10 (1834), 324. 

■) )ourn. de Pharm. II. 20 (1840), 48 Md 112. Liebig's Anniden 84 
(1840), 230. 

") loom, de Pharm. II. 20 (1840), 39. — Liebig’s Annalen 81 (1840), 223. 

*) journ. de Riarm. II. 20 (1840), 110. 

‘") Liebig’s Annalen 82 (1844), 1. 

“) Jbidem 52 (1844), 54. 

") Zcitschr. i. Chemie und Pharm. 3 (I860). 430, 577. 

'*) Liebig’s Annalen 125 (1863), 251. 
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Artificial mustard oil had been prepared by the action of 
allyl iodide on potassium sulphocyanatc by Zinin*) and by 
Bertheiot and de Luca.*) The natural oil was therefore regarded 
as an ester of thiocyanic acid. Oeser,‘) however, showed that allyl 
thiocyanate and natural mustard oil possess different properties. 

The true constitution of mustard oil as the ester of the iso- 
thiocyanic acid was recognized by Billeter') also by Gerlich.*) 
They showed that by the interaction of allyl iodide and potassium 
sulphocyanate, allyl sulphocyanatc is first formed and that upon 
heating this is converted into its isomer, the allyl /sosulphocyanate. 

As an explanation of this form of isomerism, A. W. Hofmann") 
had suggested that in the true thiocyanates the carbon is directly 
united with the sulphur, but in the /socompounds with the nitrogen. 

Inasmuch as the possibility was not excluded that by the 
ferment action on sinigrin allyl sulphocyanate may first by formed, 
E. Schmidt*) allowed this action to take place at low temperature. 
He ascertained that even at 0 allyl /isosulphocyanatc is formed 
and only traces of the normal isomer. 

The last uncertainty in connection with the hydrolysis of 
sinigrin was removed by Gadamer.") He showed that the formula 
of sinigrin is C,„H„|NS,KO„ and not C,„H|,NSjKO,„ as was 
supposed by Will and Ksmer, also that the hydrolysis takes 
place by the addition of the elements of one molecule of water. 

OIL OF STORAX. 

Storax was known as a spice during antiquity and as such 
is mentioned by Herodotus,’) Theophrastus”) and Dioscorides.'*) 

') fourn. f. prakt. Chem. W (1855), 504. Liebig’s Annalen M (1655), 128. 

") Compt. rend, -ft (1855), 21. 

’) Liebig's Annalen 184 (1865), 7. 

‘) Berl. Berichte 8 (1875), 464 and 820. 

‘) Ibidem 650. - Uebig's Annalen 178 (1875), 80. 

") Berl. Berichte I (1868), 28. 

’) Ibidem tO (1877), 187. 

1 Arch, der Pharm. 285 (1897), 44. 

") Herodotl tiistoriuvm libri. Lib. 3, 97 and 107. 

Hehn, Kullurpllemen and Mausthiere in ihnm Uebergang ausAaiea 
nacb Griechenland and Italien- Berlin 1877. p. 370. 

“) Dioscoridis De materia medica libri guingue. Editio KliluvSprengel. 
1829. Vol. I, P.82MI. P.375. 
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In mediaeval literature storax from several sources is mentioned. 
At times it was used medicinally. 

The volatile oil of storax was distilled by Walter Ryff*) and 
Conrad Gesner.*) Storax moistened with aqua vitx (spirits) 
was distilled by Porta.") 

OIL OF AMERICAN STORAX. 

Among the drugs from the new world, which received con¬ 
sideration in Europe after the discovery of America, there was 
an aromatic balsam derived from a tree named Ocosotl which 
was found in Mexico and Central America. In nearly all of its 
properties this balsam resembled the Levante storax (Styrax 
liquidus) which had been known since antiquity. As in the 
case of the other American balsams (tolu, Peru, copaiba etc.) 
little was known about the botanical source and mode of pro¬ 
duction of this baLsam. As a result balsams of different origin 
were frequently confounded. 

The best descriptions of American storax are found in the 
16. century treatises of Monardcs,') Garcia da Orta ') and Petrus 
Andr. Matthiolus.*) 

') tiualthcrius HyB, New gmsH Deslillirbuch. IliSt). fol. I7U. 

*) luionyini Phlliatri fw kOstlkiwr tlwurcr Sdmt?. 1555. Vol- 1. p. 176. 

') Giov. Battista: Porta* Magix mituml/s Hhri viginti. 1563. Liber de 
ik'&Wldtione. p. 378. 

Monardcs, Historia medicinal de las casas que .se traen de nuestras 
btdm occidcidales qai s/ner; en mcdicina. Sevilla 1574. pp. 121 - 123. 
/ditto latina Carol! Clusii. Antverpia* 1539. p. 44. 

Garcias ab Horto, AromaUtm ct simplicium aliquot medicamentontm 
apiid Indus nascenthim historia. Dcinde latino sermone in epitomen com 
tracta . . . locupletiorihus ab aimotatiiinciiiis i/Justrata a Carolo Clusio Atro- 
/kite. Quarta Uditio, castigator ct aliquot heis auctioi, fiistus Bertramus. 
Antverpix 1593. - Advebitur fiispalim, totius, non dicam BiCticx, sed etiam 
Hispanix cehberrimum emporium, olei quoddam genus ex America, subrusi 
atloris, atfus mirahiles predicant e/fectus in omnibus uteri morbis. Id 
oleum de Liquidambar nuncupant, ejus sane odoris fere, qui ^yracis odorem 
xmuk'tur. id i ero e\ eo Ik/uore exprimitur, quern de Ocosotl arbore destiUare 
Me\icana historia tradit in bunc modum: Inter arhores Mexicanas memoratur 
et OiMsoU arbor prxgrandis et venusta, loliis hederx similibus, Hu jus 
liquor quern liquidambar nuncupant, vulnera curat, atque cum corticis Ipsius 
pollrm perinixtus, elegans odoratumgue suffimentum prxbet. 

"I Petri Andrea: Matthioli Opera qux extant omnia. Veneti 1^. 
German edition. 1598. Lib. 1, fol. 90. “Zu den Styraxarten gehOrt auch ein 
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The first chemical investigation of American storax was 
carried out by Bonastre.‘) Upon distillation of a relatively fresh 
balsam he obtained the high yield of 7 p. c. oil. Further investi¬ 
gations were made toward the end of the fifties by Wm. Procter,*) 
and in 1874 by W. L. Harrison,*) 


OIL OF ROSE. 

Since the earliest periods the charm and fragrance of the 
rose have led to its appreciation and use. This is shown by the 
entire older literature, and of all the flower perfumes that from 
the rose has always received preference. In Chinese and Sanskrit 
writings the fragrance of the rose is much praised. Fats and 
oils saturated with the rose perfume have been used since earliest 
antiquity in perfumery and religious cults.') Thus Aphrodite 
anointed the dead body of Hector with rose oil.*) The Greeks 
and Romans celebrated annually a rose festival, at which the 
graves of the dead were decorated with roses and their tombstones 
were anointed with rose oil.") Of the various flower cults that 
of the roses has been the most eminent since antiquity.') 

lui.s Neu-Spankn uml Westindkn kommeiides /hhsiges Harz, Welches hei 
Unschiiillcn aus dec kiede groScr BSume mil epheuartigen Uhitleni aiis- 
West Diese Haiime heiScn "Oamir. Die fJngehurcnen kaiieti die Hinde 
mil dent essiidicrien Har/e. Dieseihe ist angenehm wohiriechend iind gibt 
heini Aiisprcssen cin dickes, ehenso riechendes Ot, Oleum Hquidamhar’' 

') )ourn. dc Hurm. II. IS (I8d0), 8S; Ihidew II. 17 (18111), 388. Tromms- 
dorff’.s Neue.s loiirn. de Hliarm. SI, II. (18301, 242 and S4, II. (1832), 236. 

*) Americ. loiirn. Pliarm. SI) (1857), 261; Ibidem .*18 (1866), 33. Proceed. 
Americ. pliann. Ass. IS (1865), 160. 

“) Americ. loiirn. Pharm. 48 (1874), 161 165- - Arch, dcr Pharm. SOS 
(1875), 541. 

') Apparently the rose was not cultivated in Palestine. It is mentioned 
only a lew times in the Bible. The "rose of lericho," which is repeatedly 
mentioned, is the cruciferous Anaslalica bierochimlica, L, a small plant 
growing in the desert which, upon drying, rolis up like a ball (Wisdom of 
Solomon, 2: 8: Song of Solomon, 2; I. — )esus Sirach, 24; 18; 50; 8. - 
Acts, 2; 8.) 

*) Homeri Was, chap. 23, V. 186. 

‘) frieiliniet, Sitteugeschichte der rOmischen Kaiseneil. bSied. 1881. 
p. 254. 

’) Ferd. Cohn, Die IVIanze. Breslau 1882. pp. 326 335. - Fluckiger 
Pharm. Rundschau (New York) IS (1894), 43, 91. 
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The earliest description of the method of preparation of the 
oil of rose of the ancients is found in the writings of Dioscorides.*) 
It was an aromatised fatty oil as were the majority of the rose 
oils of the middle ages, such as Oleum rosarum, 0. rosatum 
or 0. rosaceum, etc. 

Aside from apocryphal Persian and other oriental traditions, 
the earliest definite directions for the preparation of roses and 
the use of the distillate arc found in the writings of the Arabian 
hi.storian Ibn Chaldun. He mentions that during the eighth and 
ninth centuries rose water was an important article of commerce, 
being carried as far as China and India. ’) In a codex of cere¬ 
monies of 946 by the East Roman emperor Constantine VII., 
Persian rosewater is mentioned as a toilet water,*) At the be¬ 
ginning of the 10. century, Nonus Thcophancs,*) the physician 
to emperor Michael VIII., recommended and used rose water as 
a medicament. Avenzoar,') the physician to the calif Ebn Attafir 
of Morocco, who lived at the beginning of the 12. century; also 
his contemporaries joannes Actuarius,") a physician of Constan¬ 
tinople, used rose water as an ophthalmic, and rose sugar as 
an internal remedy. 

During this period, Persia seems to have supplied most 
of the rose water. During the fourteenth century it was also 
exported from Mesopotamia.') After the prime of the levant 
commerce, the Portuguese and Dutch were the principal car¬ 
riers of goods between Aden, the ports of the Persian bay, 
India and the Occident. Rose water constituted one of their 

) See p. 38 - Dioscoridis De materia medica libri quinqae. Editio 
Kuhn-Sprengel. 1829. Vol. I, pp. 56 and 123; Vol. 2, pp. 399 404 . 

■) Notices et extraits des manascrits de la hibliolhiqut impiriak b Paris. 
Tom. 19 ( 1802 ), p. 364. - Istachri, Oas Buch der Under. Editio Mordmann 
Hamburg 1754. p. 73. 

9 Constantinus Porphyrogenitus, De ceremonibns antiquis byzant. Editio 
Reiske. Lipsi* 1751. Lib. II. cap. 15, p. 338. 

*) Nonus Tbeophanes. Editio Bernardi. Pradatio ad Synesium; de 
febribus. Arastelodami 1749, Cap. 28, p. tl 2 

*) See p. 24. 

“) Actuarius, De medicamentorum compositione. |oanne Ruellio inter- 
prete. Basiliae 1540. pp. 18, 19, 22, 31. 

’) Poyage d’lbn BatonUh. 1854. Tom. 2, p. 140. Traduite par De- 
frwery. 
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principal articles of merchandise.*) During the 10. century 
the distillation of roses 'was introduced into Spain by the 
Arabs.*) 

Throughout the middle ages, the distillation of rose water 
seems to have been an important industry of Persia. Unless 
strongly alcoholic wine was used in the process,*) one would 
expect that in the distillation of large amounts of rose water*) 
the separation of oil of rose at low temperatures in the form 
of a butyraceous mass had been noticed at an early date and 
probably used to perfume fats and fatty oils. 

The first statement concerning rose oil, which possibly 
refers to the distilled oil, is found in the writings of Mesu£,*) 
and in the almanac of Harib for the year 961, which mentions 
the time suitable for the preparation of rose water and a 
rose preserve.*) In his Compendium aromatariorum written 
about the middle of the fifteenth century, Saladin of Asculi,’) 
the body physician of a prince of Tarentum, describes the 
distillation of roses for the preparation of rose water and 
rose oil. 

According to a statement by Langles,*) distilled rose oil is 
twice definitely mentioned in Mohammed Achem's history of the 
great moguls of 1525 to 1667; also in the annals of the Mongolian 
empire written by Manucci,*) a Venetian physician who lived 
40 years in India. 

') Carl Ritter, Enikunde von Weslasien. Voi. 8, p. 745 and Vol. % 

p. 1010. 

•) Calondrier rural d’Harib in Duran de la Malle, Climalologie comparie. 
Paris 1840. p. 65. — Dozy, ie Cakndrier de Cordoue de fannie 961. 
Leyden 1873. 

') The above supposition is not supported by specific statements in 
literature. However, it seems reasonable since Persian rose water could be 
shipped without detriment to its quality to distant lands with tropical climate 
such as India, China and Egypt 

*) See p. 64. 

*) See p. 24. 

*) Dozy, le Calendrier de Cordoue de tannie 961. Leyden 1873. 

*) Saladini Asculani Compendium aromatariorum. Venetii 1488. fol.344. 

1 L Langles, Recherehea aur la dicouverie de fesaentx de rosea. 
Paris 1804. 

*) Manucci, Hrsloire gdnOtale do tEmpire Moughoi depuia aa lormation 
iusqdk present. Traduite par Catron. 2. edit pp. 326- 327. 
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Unquestioned mention of the butyraceous oil of rose is made 
in 1574 by Hieronymus Rubeus,') body physician to Pope Cle¬ 
mens 111.; also in the writings of Porta*) of the year 1563 and 
again in 1604. 

In the apothecary ordinances of Worms of 1582 and of Frank- 
furt-on-thc-Main of 1587 Oleum rosarum verum is mentioned 
in the list of distilled oils.”) About the same time Angclus Sala‘) 
describes the distillation of rose oil and characterizes it as 
candiscente pinguidine, instar spermatis ceti. In his Pharma¬ 
copoeia of 1641, |. C. Schroder-') enumerates the oil under the 
Olea destillata usitatoria. 

Up to the 17. century and beyond Persia seems to have 
supplied the market with rose water and rose oil.") In the course 
of the century, however, the cultivation of the rose and the oil 
industry spread to India,') also westward, in its southerly cour.se 
to Arabia, Tunis, Algiers, and Morocco and in its more northerly 


■) Hicronymi Ruhei Jh dvsiillatiotie liber, in quo atiflatitionim ligiuf 
rum. qui ad medninam faciuntur, mvtbodas ac vires cxplicantiir. Ravenna* 
ir»82. Sect. 2. Cap. IP, p. 102 and cap. 5, p. 132. 

’) Port.i* Naghc natmalis Hbn viffintf. i)e dcstillatione l.ibri. Rom® 
!r)P3. Liber XX. Omuium diffniliimc extractionis est rosarum ofvum atqiie 
m minima quantitate, sed suavissimi odons. 

•*) Piricki)<er, iJokiimente /iir (leschiebte der Pbarmacie. Halle 187b. 
pp. 37' 41* 45, 47, 48, 4^). b5. 

') Angclus Saia, Opera medico-ehymica, qua.' extant omnia Franco- 
liirti tb47. p. 83. 70. 

'■) |. C. Schroder, Pbannacoptea medico-physics. Dim 1840. Lib. 11. 
Cap, 70, p 241. 

“1 Chardin, Voyafies en f*erse Amsterdam 1711.. Vot. Ill, p. 178 and 
.140. Kamplcr, Annenitatum esoticarum polituo-physicu medicawm fasci¬ 
culi quinque, qaibus continentiir varhe refationcs, obserxationes et descrip- 
tioncs rertim l*eniicanim ct ulterioris Asva*. multa attentione, in peregrins- 
tionibas per imiversum Oiientem, ad/ectie ab aucture. Lemgovia; 1712. 
p. 373. - Olivier, dans FCmpire Othoman etc. Paris 1807. Tom. 5, 

p. 387. 

') Concerning the production of rose oil in India there are two reports 
written in 1782 by European scientists who lived at that time in Calcutta: 
the one under the title of “Asiatic Researches” in the Transactions of the 
Society Instituted in Bengal etc., Calcutta 1788, vol. I, paper 17; the other 
by Don Monro in the Transactions of the Society of Edinburg, vol. 2, Physical 
section. An abstract of the latter may be found in Tromsdorff’s fourn. der 
Pharm. I. II. (17')4), m. 
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course to Asia Minor, Turkey and Bulgaria.*) On the island of 
Chios also considerable rose oil was distilled at the beginning 
of the past century, which entered commerce via Smyrna.‘) 

The cultivation of roses in Bulgaria, which became of such 
importance in later years, was begun about the beginning of the 
17. century. It seems to coincide approximately with the founding 
of Kezanlyk, a city on the southern slope of the Balkan mountains 
in East Roumelia.") It was not until the 19. century, however, 
that the rose industry of Bulgaria became a dangerous competitor 
of the Persian rose distillation. In recent years Bulgaria, in 
turn, has found successful competitors in Germany and France. 

Since the 14. century, rose water and with it small quantities 
of rose oil, have been distilled for popular and medicinal use, 
also for perfumery, in the north European countries, especially 
in France, Germany and England. The amount of congealing 
oil obtained, however, was so .small that rose oil was mostly 
bought from the orient and later from the Balkan states. The 
cultivation of roses for the purpose of distilling rose oil on a 
large scale was begun in France about the middle of this century, 
in Germany in 1883.*) 

The high price of rose oil and the case with which it can 
be adulterated seems to have brought about adulteration in Persia 
in the course of the 17. century. Engelbert Kampfer*) from 
Lemgo, who traveled in Persia in the years 1682 to 1684, mentions 
that rasped sandalwood is added for the sake of improvement 
to the roses in the process of distillation. This observation 
was verified in 1787 by Archibald Kcir") in Chatra in the Ramgur, 
whereas Policr*) observed in Cashmere during the same year 

') Forbes Watson, CaUloRue ot the Indian Department. Vienna Ex¬ 
hibition 1873, p. 94. - Douglas, Pharmaceutical |oum. III. 8 (1878), 811. 

H. v. Schlagintweit in Buchner's Neues Repert. d. Pharm. 24 (1875), 129—143. 

*) Olivier, Voyage dans fEmpireOthomM etc. Paris 1807. Tom. 5, p. 367. 

’) KaniU!, Donau-Butgarien. Leipzig 1877—1879. Vol,2, p. III. 

*) Fliickiger, Pharm. Rundschau (New York) 12 (1894), 92. 

*) Engelbert KJmpfer, Amaeoilatum emtkamm fasciculi etc. Lemgo- 
via!l712. p.373. 

*) Archibald Keir, "Asiatic Researches” in Transactions of the Society 
instituted in Bengal, for inquiring into the history and antiquites, the arts, 
sciences and literature of Asia. Calcutta 1788. Vol. I, p. 309. 

’) Ibidem Vol. 1, p. 332. 
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that in this country not sandalwood, but the fragrant Indian grass 
(Andn^ogon) is added to the roses for distillation. 

Aside from its similar use during antiquity,') the utilization 
of Andropogon Schananthus, L. for the purpose of adulteration 
of rose distillates, dates back more than a century. As a more 
convenient adulterant, palmarosa oil is more recently used in 
place of the grass from which it is distilled in India. 

At an early period oil of rose was used as a perfume and, 
filled in fancy flasks, became a much sought for article in the 
bazaars of Constantinople, Smyrna, the levant and the entire 
orient. The demand being greater than the supply, both, manu¬ 
facturers as well as dealers, early learned to increase the supply 
in a manner profitable to themselves. The former added palmarosa 
oil to the roses in the proce-ss of distillation, the latter still further 
diluted it with indifferent oils and spermaceti, the latter being 
necessary to maintain the proper congealing point. 


OIL OF BITTER ALMONDS. 

Almonds were known during antiquity. They are mentioned 
several times in the Old Testament,-) also by Egyptian and by 
later Greek and Roman authors. Of the latter Theophrastus,") 
Dioscorides,') Scribonius Largus,*) Pliny,") Palladius,') Celsus,") 
Alexander Trallianus,") Platearius'") and others distinguished the 

') Sec p. 38. 

^ Genesis,'43:It. — Numbers, 17:8. — F-cclesiastes, 12:5. — Rosen- 
muller, Handbuch der biblischea Altertumkunde. Leipzig 1831. Vol. 4, p. 263. 
“) Thcophrasti Historia pJanlarum. Lib. I. cap. II, 18. 

‘I Dioscoridis /h materia medica libri qtiimiiie. Editio Kiihn-Sprengel. 
Vol. 1, p. 155. 

*) Scribonii Largi Com/mitiimes medicamentorum. Editio Helmreich. 
1887. p. 8. 

") Plinii Natiiralis historia.' libri. Lib. XVI, cap. 22; lib. XXXIIl, cap. 75. 
Editio Littrd. Vol. 2, p. 127. 

') Palladii De re nmtica, in Nisards Les agroaomes latms. Paris 
1877. p.552. 

") Celsi De medicina libri VIII. Editio Vddrines. Traiti de mtdecirte. 
de A. C. Celse. Paris 1876. p. 274. 

") Alexandri Tralliani Medici libri XU. Editio Puschmann. Wien 1878. 
Vol. 2, p.445. 

"1 tMiXeatW Liber de simpiice medicita. “Orca inslaas." Editio Choulant. 
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bitter almond from the sweet. During the middle ages, both kinds 
of almonds were in use. 

Bitter almond oil is first mentioned in the writings of Sala- 
din') in 1488 and those of Sancto Amando*) in the 16. century. 
The distillates from bitter almonds and of other Prunoidex, seem 
to have received but little attention during the period of general 
use of distilled waters. It is also uncertain whether the poiso¬ 
nous character of bitter almond oil was generally known. Even 
Scheele,“) when he discovered hydrocyanic acid in 1782 does 
not seem to have fully realized its poisonous properties. He 
did not even recognize the similarity in odor between this 
acid and the distillates from the bitter almond and the cherry 
laurel. 

It was not until the eighties of the 18. century that bitter 
almond oil again received more attention. In spite of earlier 
observations,*) it was not regarded decidedly poisonous until 
so pronounced in 1784 by )oh. Andr. Murray*) of Goettingen. 
Following him, other contemporaries made the same state¬ 
ment.") 

The hydrocyanic acid content of bitter almond oil was first 
suspected in 1785 by the Erfurt apothecary )oh. Christ. Wil- 

') Saladini Compendium ammatdriomm. Bonons 1488. Index. 

■) Expositio loannis de Sancto Amando supra Antkiolarium Nicolai 
ittcipit feliciter. In the edition with Mesoe’s works. Venetl 1502. fol. 228, 
and Additiones lol. 85—87. 

") Carl W. Scheele’s Physische and chemische Werke. Translation by 
Hermstedt. Vol. 2, p. 331. — Flucklger, Arch, der Pharm. I»1 (1886), 388. 
— Pharm. Rundschau (New York), 4 (1886), 211. 

') According to the statement made by A. Wynter Blyth in his treatise 
on "Poisons", London 1895, the poisonous character of the peach and almond 
kernels was known to the Egyptians. — Mortimer in Philosophical Transactions 
(London) 87 (1731), 84 and 166. — Vater, Dissertatio de iaurocerasi indole 
venenata. Wittenberga: 1737. — Langrish, Expiriences de mtdecine sar 
des animaax. Paris 1750. — Eontane, Traiti sur le venin de ta vipirt, le 
laiirier cerise etc. Florenze 1781 and Philosophical Transactions (London) 
7« (1781), 1. 210. 

*) |. A. Murray, Apparatus medicaminum tarn simplicium quam prs- 
paratorum et compositoram in praxeos adjumentum consideratus. G6ttingen 
1784. Vol.3, p.215, 220 and 259. 

*) Heyer, Crell’s Chem. Annalen, Beitrige 1 (1793), 414, 415, — Gilbert's 
Annal. der Physik. Neue Foige 88, 220. 
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helm Rcinder') and in 1797 by Lucas*) of Armstadt. Its presence, 
however, was not proven until 1803 when Bohm,*) apothecary in 
Berlin, identified it. From that time on, bitter almond oil and its 
hydrocyanic acid content became the subjects of numerous in¬ 
vestigations. Of these the reports of Schaub,') Schrader*) and 
ittner") advanced our knowledge, but a clear understanding of 
the formation and composition of the oil was gained only through 
those of Gay-Lussac,*) Robiquet and Vogel,') Boutron-Charland*) 
and finally those of Liebig and Woehler,'") and C. Winkler.") 

The separation of the hydrocyanic acid from the benzaldehydc 
was first accomplished by Vogel in 1822 by treating the oil with 
baryta water. Liebig and Woehler") introduced the method still 
in use involving ferrous sulphate, ferric chloride and milk of lime, 
which yielded pure benzaldehyde. Bertagnini") proposed sodium 
acid sulphite. 

The separation of benzoic acid from bitter almond oil which 
has been exposed to the air was observed as early as 1823 by 
Stangc") in Regau. 


Crcit's Chetn. Annalcn 17s.*), II. 443. — Gottlmg's Almanach furScheide- 
kunsticr und Apotheker s (1787), KJO. 

■) Ihidvm IS (1797), 101. 

”) Scherer'.s Alif*cm. journ. der Chem. tO (1803), 126. Gilbert's Annal. 
der Physik 1» (1803), 503. 

^) Sdiaub, OisaertaUu medKo-chymka sisfens Lauroccrasi qua/itates 
medkas ac venemtax etc. Marpurgi 1802. 

'‘I Trominsdorff's |oum. der Pharm. II, I. (1803), 259 and 262. 

'*) Otter das Vorkumtnen der HlausSurt im Oh der bittern Mandeln. 
SchweigRer's )oum. f. Chem. u. Phys. 24, 395. - F. v. Ittner, tieitr&gc zur 
Oeschiebte der fitausSure, mit Versuchen uher ihre Verbindungen und 
Wirkungen auf den ticrischen Organisnws. Freiburg and Constanz 1809. 

') Poggwdorff's Annal. der Phys. Neuc t'oige 23 (1831), 1 and 138. — 
Schweigger's journ. f. Chem. u. Phys. 18 (1831), I. 

') journ. dc Pharm. II. S (1822), 293. — Annal. de Chim. et Phys. l& 
(1810), 29 and 21 (1822), 250. — TrommsdorfTs Meues journ. der Pharm. 7, I. 
(1823), 217. 

") Annal. de Chim. el Phys. 44 (1837), 352. — Liebig’s Annalen S 
(1838), 175. 

Liebig's Annalen 22 (1837), 1. 

») Repert. f. d. Pharm. H. 17 (1839), 156. - Pharm. Zentralbl. 1838, 634. 

») Liebig's Annalen 8 (1832), 252. 

Ibidem 8& (1853), 181 

«) Repert. f. d. Pharm. I. 14 (1823). 329, 361 and 16 (1824), 80. 
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OIL OF CHERRY-LAUREL. 

Cherry-laurel (Prunus laurocerasus, L), appears to have 
become known in Europe toward the beginning of the 16. century. 
The aqueous distillate from the leaves has been used medicinally 
since the first half of the 18. century and its poisonous properties 
were repeatedly observed.') The distilled oil is included in 
pharmacopoeias since 1780.*) The precence of hydrocyanic acid 
in the oil was observed simultaneously by Schaub*) and by 
Schrader') at the beginning of 19. century. 


OIL OF ROSE GERANIUM. 

The pelargoniums which are indigenous to South Africa 
and which are now largely cultivated as decorative plants were 
introduced into Europe in 1690.“) Recluz') of Lyon in 1819 first 
obtained a volatile oil’) from the leaves. However, Demarson 
of Paris, in 1847 was the first to cultivate pelargoniums for the 
distillation of the oil. Since then their cultivation throughout 
France has been largely extended and was introduced into Algiers 
by Chin's and Monk. 

In Spain pelargoniums were cultivated in the vicinity of 
Valencia by Robillard. Later they were also cultivated in the 
province of Almeria. 

The island of Rdunion has entered upon the cultivation of 
these plants since the eighties of the past century. Of much 
less importance are the plantations in Corsiea. 

') Philosoph. Transact. (London) 37 (1731—1732), 84. - Abr. Vater, 
Dissertatio rfe Laurocerasi indole venenata. Wittenberga: (737.-- Bergius, 
Materia medica, Stockholm 1776, p. 401. 

“) I. A. Murray, Apparatus medicaminum lam simpiidum quam prm- 
paratorum et composllorum etc. GSttingen 1784. Vol. 3, p. 213. 

") D. Schaub, Dissertatio medico-chymica, sislens Laurocerasi qaaii- 
tales medicas ac venenatas etc. Marpurgi 1802. 

') Trommsdorffs |ourn. der Pharm. 11, 1 (1803), 250 and 262. 

*) Piesse, The Art of Perfumery. IV. Edition, London 1870, p. 124. 

•) Pharmaceutial loumal 1.11 (1852), 325. 

’) This oil is not to be confounded with the so called Indian geranium 
oil, the palmarosa oil from Andropogon Schananthus, L. 

GlLDeMEMTER, THE VOLSmE OIES. 
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OIL OF RUE. 

Rue is mentioned in the Bible.') As medicinal plant useful 
in the treatment of diseases of the eye, it is mentioned by Dios- 
corides,*) Pliny, Columella") and Ovid.') For like purposes the 
plant was used during the middle ages.") 

The first mention of oil of rue (although possibly of the fatty 
oil) is found in Saladin's writings.') Gesner') distilled the oil about 
the middle of the 16. century. It is mentioned in the price ordinances 
of the cities of Berlin for the year 1574 and of Frankfurt for the 
year 1582, and in the Dispensatorium Nor/cum of the year 1589. 

The yield of volatile oil from rue was first determined by 
Cartlieuscr") in the beginning of the 18. century. The oil was 
investigated by Caspar Neumann”) and by G. S. P. MkhI"') in 
Rostock in the year 1811, by Will") in the year 1840, by Cahours'”) 
in 1845, by Gerhard'") in 1848, by C. G. Williams") in 1858, by 
W. Ilallwachs") in 1859, byC. Harbordt") in 1862, by Giesccke'^ 
in 1870, and by E. von Gorup-Besanez and Grimm") in 1871. 

') St. Luke, 11-.42. 

> Dioscoridis l)v matena nivdica tihri quinqiw. Lib. Hi, cap. 45 and 52. - 
Kditio Kuhn-Sprcnf!el. 182**. Vol. 1, p. 391. 

') Columella', Dc rv rustica dt arhonbiis. Lib. XII, 7. 

*) Ovidll fitmcdia atnons. 

•■I Pfeiffer, Zwvi dviitschv Ar/nvibiidwr am d. 12. ii. 13. Jahrh. SiUangs- 
herkhte d. kais. Akad. dvrWmvmcb. m Wkn (1803), 137 and 142. (Haeser, 
QmchkMvd.Mt'diziti. 1875. Vol, I,p.Wi3.) - Milton's Paradise Lost. XL line 414: 
“• then purg’d with Euphrasy and 7^//c 
The visual nerve, for he had much to see.” 

*5 Saladini Compendium aromaUriorum. Bonona.' 1488. Index. 

') Euonyml Philiatri /7« kbsUkher SchaU. 1555. Fol. 2^. 

“). )oh. hriedr. Cartheuser, hmdumenta matenx mediae. Prancof. ad 
Viadr. 1738. Vol.2, p. 129. 

T Casp. Neumann's Medic. Chemic. Ed. C. H. Kessel 1749. Vol.2, p.292. 

Trommsdorffs |ourn. der Pliarm. 20, 11. (1811), 29. 

'*) Liebig's Annalen Xt (1840), 2;t5. 

*■*) TJitse prdsenth' a fa t'acuM dcs sciences ie 15. janv. 1845. Compt 
rend. 2« (1848), 2o2. 

*") Liebig's Annalen 67 (1848), 242. 

“) fhidem l«7 (1858). 374. 

•') ibidem 11.1 (IStO), 107. 

•*) Ibidem 128 (I8b2), 293. 

'■) Zeitschr. fur Chemic 18 (1870), 428. 

'') Liebig's Annalen 157 (1871), 275. 
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OIL OF BUCHU LEAVES. 

Buchu leaves indigenous to southern Africa appear to have 
long been used for medicinal purposes. In 1820 they were in¬ 
troduced into European commerce,*) having been brought from 
Cape Town to London. Since the later twenties of the past 
century they have been included in most pharmacoposias. 

The volatile oil was first prepared by R. Brandes*) in 1827. 


THE OILS OF THE AGRUMEN FRUITS. 

The genus Citrus, belonging to the subfamily Auranthx 
of the Rutacex, is indigenous to Centra! Asia. The large number 
of varieties of the citrus fruits, known by the collective term of 
agrumen fruits, is indicative of a very long period of cultivation. 
The citrus tree, having spread from southern China to Cochin- 
china and India,*') became known to occidental peoples through 
the wars of Alexander the Great. Gradually its cultivation spread 
over Persia and Media to the westward.*) Later, the Romans, 
and more particularly the Arabians, contributed to the spread 
of the citrus tree along the coast of the Mediterranean as far 
as Spain and Morocco. In the course of the crusades the tree 
and its fruit were spread among the peoples living to the north 
of the Mediterranean countries. Thus citrus culture has been 
spread over all countries with a warm or temperate climate so 
that at present the citrus tree is among the most cosmopolitan 
of all cultivated plants. 

Whether the number of citrus species was limited during 
antiquity and whether the numerous varieties were gradually 

') R. Reece, Monthly Gazette of Health. London. Febr. Util, p. 799. 

*) Arch, der Pham. Si (1827), 229. 

') Brctschneider, On the study and value of Chlne.se botanical works 
with notes on the history of plants and aeosraphlcal botany from Chinese 
sources. Foochow 1870, pp. 11 and 12. - E. Bonavia, The cultivated Oranges 
and Lemons of India and Ceylon with researches into their origin and the 
derivation of their names etc. London 1890. 

*) Brandis, Forest Flora of Horthwestem and Central India. 1874, p. 50. — 
Hehn, Z);e Kulturpllamen md Hausliert in ihrem Oherging aus Asien nach 
Grieclienland iind llalien. Berlin. 3"* ed. 1877. — Alphonse de Candolle, 
Origin of cultivated plants. 1885. p. 17b. 
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developed with changed conditions in soil, climate and method 
of cultivation, docs not become apparent from literature. The 
several names of the agrumen fruits appear to have passed 
from the Sanskrit to the languages of later peoples of antiquity. 
Thus the Greeks and Romans knew the lemon but not the orange, 
bergamot and limettc.') The lemon they named Malum persicum, 
Malum dtralum or dtreum. The supposition that the odor of 
the lemon, like that of the juniper and of the cedar (z/i!()«s;) of 
the Greek forests, kept away insects, caused the Greeks to apply 
this name to the “Persian” or “Median" apple, calling it Malum 
n'dri'um. Malum dimim. Hence developed the names Citms, 
Citrus medka and Citrus perskaS) 

During the period from the 8. to the 10. centuries, the Arabians 
.spread the cultivation of the bitter orange (Citrus tiigaradia, 
Risso) and of the lemon (Citrus l.imonum, Risso) from Oman 
and Mesopotamia to Syria and Arabia. Thence the cultivation 
of the.se trees spread during the crusades along the coast of the 
Mediterranean to Spain and Morocco. ') In Sicily the tree was 
cultivated as early as 1002.') 

The writings of the 12. to the 14. centuries frequently reveal 
the gradual .spread of the agrumen fruits and the esteem in which 
they were held. Idrisi,') an Arabian geographer of the 12. century 
describes the lemon, in his travalogues of the African coast 
lands of the Mediterranean, but apparently did not find other 

') Scribonius Uraiis, Cumpositiones medkamentorum. Editio Hclm- 
rficti, 1887. p. 85. Ortb.'tsiiis, liedicwalia cottecta. Lib. 1, cap. 84. 
Palladii IJc re rustka. In Ni.sard’s Lcs agronomes latins. Paris 1877. p. 585. 

■) Thcophrasti nistaria plantanim. Editio Wimnier. Vol. I, lib. IV. 
Dhticoridii th'matena mvdka tihrigainque. I. 188. -VngiWi Oeorgica. 2,128: 
Matia ten tristis svccos lardiimque saporem 
t'etids inati: quo non prxaentius ultum, 

Pociita SI qtiando sa:vse intecere noveresa, 

Hchn, Kutturpttamcn nnd ttausthkre in ilirem Uebergang aus Asian nach 
(irieahaniand nnd ttaiian. Berlin 1877, p. 358. 

') Ibn Baithar, Halt- nnd Nahrnngsmiltat. Translated by Sontheimer. 
1842. Vol. 2, p. 452. 

‘1 Risso et Poiteati, Histoira at cnilure das Orangers. Edition Du Breuil. 
Paris 1872. Hchn, Knitnrpttaman nnd Hansthiara in ihratn Uabargang aus 
Asian nach Griactianland and Itatian. 1877, pp, 380—384. G6tzc, Baitrag 
tur Kenntnis dar Orangangaadchsa. Hamburg 1874, pp. 26 28. 

T Oeograpftrc d’Edrisi rradrrrre par Amcd6e laubert. 1838. Vol. 1, p. 162. 



History of individual voutiu: oils. 


149 


agrumen fruits, although such were cultivated in Spain at that 
time.') jacques deVitri*) who traveled through Palestine about 
1225 found several varieties. 

The sweet orange tree (Citrus Aurantium, Risso) was cul¬ 
tivated for decorative purposes in Nizza in 1336. In 1340 sweet 
oranges*) (Arancio) were well known in Venice.*) In 1369 Arbores 
dtronum were cultivated in Genoa and along the Ligurian coast. 
Among the articles of export from Alexandria the lemon is 
mentioned in a treatise of 1420. In 1486 lemon trees were cul- 
vated along the Riviera') and in 1494 in the Azores.") In 1546 
the sweet orange was brought by the Portuguese )uan de Castro 
(viceroy of India from 1545 to 1548) from China to Portugal and 
cultivated there.') Although the sweet orange has been cultivated 
occasionally in northern Italy, its general culture in southern 
Europe appears to have spread from Portugal. The name Portu- 
gallo for oranges has maintained itself In Italy up to the present 
time. In 1516 Barbosa,") a Portuguese traveller mentions the lemons 
as fruits being introduced from the Malabar coast and Ceylon. 

Into Germany the citrus fruits appear to have been introduced 
in the course of the 15. century. According to Conrad Gesner*) 

') Ibn-al-Acram il Ishbilis durins the second half of the t2. century wrote 
an agricultural treatise which was translated into French „Uyre d'Agricultiiiv'' 
edited hy Cldment Mullet Paris 1864. 

-) l.imtmes, Otri et alia puma citrina . . . add! sn/ pmtki saporis 
uus puma uKugus ab indigenis mmcupauliir. Bongars, Oeste Oei per 
francos. Hanovia: 1611, fol. 1044. 

‘) For the etymology of the name orange see De Candolle, Origin of the 
cultivated plants. 1885. p. 184. — W. Roxburgh, flora Indica. Vol. 2 (1854), p. 542. 

') CecchettI, Archmo Veneto. Vol. 50 (1885), p. 65. 

') Gallesio, TraiU du Citrus. Paris 1811, pp. 84, 105 and 521. 

•) Kunstmann, D. Hieronymus tiunzers Berichl uber die tntdeckung 
der Guinea. Abhandiungen der histor. glasse der bayerischen Akademie. 
1855, p. 562. 

’) Le Comte, Nmiveaux mimoires sur fttat de la Chine. 2. Edition. 
Paris 1674. Tom. 1, p. 175. — Ferrari Hesperides sen de malorum aureoram 
cuitura et usu. Romac 1646, p. 425. — E. Bretschnelder, History of European 
botanical discoveries in China. London 1848, Vol. f, p. 6. 

") Libro di Odoardo Barbosa, in Ramusios Delle navigation! et viaggi. 
Venetia 1554, fol. 547b. -- Cotte, Beitrag zur Kenntnis der OrangengewSebse. 
Hamburg 1874, p. 24. 

”) Conrad Gesner, De bortis Germaniae liber recens. Argentorati I56t. 
Lib. Ilf. 
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they were cultivated during the middle of the 16. century for 
decorative purposes in hot houses and gardens. 

Lemon juice, which is again being used for medicinal pur¬ 
poses in recent times, was esteemed as such by Roman physicians. 
Alexander Trallianus') prescribed it during the middle of the 
6. century. Lemon syrup was introduced as medicament by the 
Arabian physician Mesue through his Antidotarium.^) The method 
for its preparation was included in his Dispensatorium Noricum 
of 1.543 by Valerius Cordus.“) 

The oil which is secreted in the cell tissues of the outer 
fruit rind of the agrumcn fruits flows out when these oil cells 
are ruptured by pressure or friction. It is in this way that the 
oil is actually obtained. With the introduction and utilization of 
the agrumen trees, this oil must have been known at an early 
period, without, however, finding any application. 

The earliest statements concerning distilled lemon and orange 
oils were made by Conrad tiesner') in 1555. )aques Besson'’) 
followed in 1571, and Rorla") in 1589. The latter described the 
preparation of the two oils by distillation of the fresh grated 
rinds. During the sixties of the 18. century Oaubius') recom¬ 
mended the .same process. 

The mechanical method of preparation of the agrumcn oils 
by rupturing the oil cells of the fruit rinds by means of a grate 
was described by Cl. )oh. Geoffroy') in the beginning of the 
18. century. In all probability, however, this method was practiced 
before this date. 

The variety Citrus Uergamia, Risso, appears to be a cultural 
variety of much later date. The earliest information concerning 
oil of bergamot dates back as far only as the close of the 
17. century. Thus e. g. it is mentioned in an inventory of an 

'I Alexandri Tralliani nushei tihri XU graxe el latine mullo qimm anted 
auetiores cl iiilegriores etc. Uasllix 155b. Editio Puschmann. Vienna t878. 

') See p. 24. — (jallcsia, Traitf du Citrus. Paris 1811. pp. 122,247,248. 

") Oispensatunum tiimcum. Editio i548, pp. i79, 273. 

‘I Euonyini Philiatri tin kastlielier, leurer Schatz etc. Zurich t555. 

■') Besson, I'arl cl moyen parldil de liter huylcs el eaiix de lous 
medicaments simples el niiagineus. Paris t571, 

”) \*oiXx liagijenaluratistiknviginti. Roinxl5b3. Edit. Eiapoti 1589. p.I88. 

') H.D.(Milb\\Advcrsarionimvariiargumentiliberunus. Leidx177t. p.3t. 

't M6moires de I'Acadimic des sciences de Paris. 1721, 159. 
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apothecary shop of Giessen of 1688,*) also in the treatise Le 
pariumeur Francis, par leSieurBarbe. published in Lyon in 1693. 
In the latter the bergamot fruit is described as a pear, from the 
fruit rind of which the fragrant oil is obtained by trituration and 
expression, The further statement is made that the name bergamot 
is derived from the Turkish Beg-h mu di, the “prince of pears”. 
This statement would seem to indicate that the bergamot had 
its geographic source in the eastern coast lands of the Medi¬ 
terranean. In his Hesperidvs Norimbergensis of 1713, the Nuern¬ 
berg physician and botanist, I. G. Volkamer, described the IJmon 
bergamotta as gloria Umonum et Iructus inter omnes nohlissi- 
mils.-) He mentions that the Italians prepare an extremely fine 
essence from the fruit rind; that the name bergamot is in no 
way associated with Bergamo, a city in Lombardy; also that no 
agrumcn varieties are cultivated in that region. 

In some of the West Indian islands, agrumens have been eul- 
tivated since the beginning of the past century. Aside from the island 
Montserrat, they did not prosper, cither because they did not receive 
proper care, or because the soil was not favorable. Proper care as 
well as soil they, however, found in the southern part of United 
States since about 1815. They are now being cultivated extensively 
in Florida, Louisiana, and, since the forties, in southern California. 

In the municipal price ordinances concerning the wares of 
the apothecary and spices, oils of lemon and orange are enumerated 
among the distilled oils for the first time in that of Frankfurt- 
on-thc-Main of 1582. Both oils had been introduced into the 
Dispensatorium Norkum of 1589 and into the Pharmacopeia 
Augustana of 1613. As indicated above, bergamot oil appears 
to have come into use in 1690. 

In 1786 Remmler*) tried to prepare rosin from oil of lemon. 
About the same time Liphard*) mentions that the yield of lemon 
oil is larger when the fruit is allowed to stand until decay sets in. 

In 1789 the apothecary Heyer®) of Braunschweig, upon cooling 
bergamot oil, obtained crystals which he termed bergamot camphor. 

') Fluckiger, Dokumente lurGeschichte derPharmaik. Halle 1876, p. 72. 

*) Hesperides Norimhergenses, 1713. Liber \\\, cap. 26, p. 156, b. 

Gdttling’s Taschenbuch fur Scheidekunstler 1788. 

*) Crell's Chem. Annalen 1287, 11. 250. 

*) Ibidem 178#, I. 320. 
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OIL OF ORANGE FLOWERS. 

Oil of orange flowers was known as early as the sixteenth 
century. Its distillation was described for the first time by 
Porta.') About a century later, in the year 1680, it appears 
to have been made the fashionable perfume by the Duchess 
Flavio Orsini, Princess of Neroli, hence the name of essence 
of neroli.*) On account of its delicate pleasant odor, the oil 
has been able to hold its reputation as one of the finest 
flower perfumes. This is also true of the distilled orange flower 
water, or Aqua naphtv?) which is used extensively for the 
aromatizing of food, confections and beverages, also for toilet 
purposes. The distillation of orange flower oil was described 
by Benatius') in 1806. The oil was investigated in 1825 by 
Bonastre") and in 1828 by Boullay.*) 


OIL OF MYRRH. 

The history of myrrh is inseparable from that of frankin¬ 
cense. Both come from the same countries. From early anti¬ 
quity on, both have found like application in religious cults. In 
the commerce of the .spices, both have played an important role. 
Hence myrrh and frankincense are almost invariably mentioned 
together in the oldest writings. As their geographic source, 
mythical Arabia and the coast lands along the south end of 
the Red Sea, the Punt or Phun of Egyptian documents, are 

') |o. Balt. Porti‘, Neiipolitana' Magix imturalis libri viginti etc. Rom* 
ll>63. lot. 118. 

*) Menaglo. Orig'mi della lingua Italiaiia. 1685. — Dklionnain; de 
rrivoux. - Paris 1771. Vol. 6, p. 178. 

") The names NapM and Naphore probably had their origin in Languedoc. 
(Risso and Poiteau, Hisloire nalurelle des Orengers. Paris 1818. Edition 
Du Breuil 1872. p. 211.) Orange flower water was distilled in the laboratories 
ol German apothecary shops as early as the middle of the 17. century. 
(Simonis Paulli Quadripartilum hMankum de simpikium medkamentorum 
laeallatihiis etc. Argcntorali 1667. p. 585.) 

*) Berl. lahrbuch der Pharm. INOC, 256. 

*) lourn. de Hiarm. II. tl (1825), 529. 

’) lourn. de Pharm. II. 14 (1828), 496. Trommsdorff's Neues |oum. der 
Pliarm. lit, 1. (1829), 226. 
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mentioned.") As precious spices for burnt offerings, for the purpose 
of embalming and anointing,") both resins are frequently mentioned 
in Sanskrit writings, in the Vedas, in the Bible,*) in the Koran, in 
the Papyrus Ebers and in the writings of Greek, Roman and Arabian 
authors. Moreover, they are frequently confounded with each other.*) 

') A^atharchides. In Geograp/ti Grsct minoKS. - {k man ErytbnM. 
p. 87. - Arrianos, Anabasis. Lib. VII, 20 and 2Z - Diodori Bihihiheca 
historica. Lib. 19, cap. 24. — Kosmas Indopleiistes, Topographia Oirisliana 
in Migne’s Patrologiee caisus compktus. Series Grxtca. I860. Vol. 88, 
p. 374. — G. A. Haggenmacher, ErgSnziiagsheit zu Petermanns Geogra- 
pliischen Mitteiiangen. 1876, 19. ~ I. M. Hildebrand! SiUimgsherichte der 
Gesellsclialt naturforschender Fteunde za Berlin. 19. November 1878. p. 195. 

K. Niebuhr, Beschreihuag von Arabian. Copenhagen 1772. pp. 282 and 286. 
- H. Brug.sch-Bey, Gescbichte Aegyplens unier den Pharaonen. 1877. 
pp. 109, 110, 113, 281, 314. — Revoil, Vo,rages an Cap des Aromates. 
Parts 1880. pp. 136, 184, 227, 255, 259, 276, 283. 

5 Tor the preparation of the sacred oil, used according to )ewish ritual 
lor the anointing of the high priests, the “pure myrrh" (Exodus 30; 23) was 
proscribed. It was the exudation that flowed naturally (Song of Solomon, 
5:5 and 13), hence it was also called tears or flowing myrrh (Stakte) 
(Exodus, 30:34). The wives of the Persian kings and the g,irbs of the kings 
were perhimed with myrrh. (Esther, 2:12. — Psalms, 45:9. Proverbs, 7:17). 
As a precious spice, myrrh was brought by the magi from the Orient to the 
new born King of the lews (Matth, 2:11). Roman soldiers refreshed Christ, 
while on the cross, with wine and raynh (Mark 15:23), and Nicodemus 
brought myrrh for the embalming of his body ()obn, 19:39). 

’) Exodus, 30:23; 37 : 25.— Psalms, 45:9. — Proverbs, 7:17. Song 
of Solomon. 1:13; 3:6; 4:14; and 5:5 and 13. — Mark, 15:23. Matthew, 
2 :11. - )ohn, 19:39. 

') Statements co.icetning the origin and history of myrrh and frankin¬ 
cense may be found in the following treatises: Papyrus Ebers of the Uni¬ 
versity Library at Leipzig and of the Royal Library at Berlin. - Herodoti 
Historianim iibri IX. Lib. III. 107. - Theophrasti Hisloria plantarum Lib. IX, 
cap. 4. - Plutarchi Horalm Isis et Osiris. V. 383. - Diodori Bibliotheca 
historica Lib. V, cap. 41 and Lib. JOX, cap. 94. - Luciani Opera, Drapetui 
p. 1. Athenrei Dipnosophistarum Iibri XV, pp. 101 and 464, - Apulei Meta- 
morphoseon Lib. 8 and 10. — Dioscoridis Oe materia medica Iibri V. Lib. 1, 
cap, 24, 78 and 81. Editio Kuhn-Sprengel 1829. Vol. I, p. 78. - Plinii 
Nataralis hisloria: Iibri. Lib. XII, 15, 16, 30 35 and Lib. XIV, 15. — 
Dumichen, Gescbichte des alien Aegyplens. In Oncken's AUgemeiner Welt- 
gescbichte. Grabpal. d. Petam. Vol. 2, pp. 12 34 — Periplas marls Ery- 
tbraei. Lib. IX, cap. 4 . - - Vincent, Commerce and Navigation of the AncienLs 
in the Indian Ocean. London 1807. Vol. 2, pp. 316 and 698. - Chishull, 
Antiqnitates asiatiae. London 1728, p. 71. D. Hanbury, Science Papers 1876. 
pp. 378—382. - Comp, also Sigismund, Dae Aroma/a. Leipzig 1884. pp.6—13. 




152 


HlSTOWCAl INTRODUCTION, 


OIL OF ORANGE FLOWERS. 

Oil of orange flowers was known as early as the sixteenth 
century. Its distillation was described for the first time by 
Porta.') About a century later, in the year 1680, it appears 
to have been made the fashionable perfume by the Duchess 
Flavio Orsini, Princess of Neroli, hence the name of essence 
of neroli.*) On account of its delicate pleasant odor, the oil 
has been able to hold its reputation as one of the finest 
flower perfumes. This is also true of the distilled orange flower 
water, or Aqua naphtv?) which is used extensively for the 
aromatizing of food, confections and beverages, also for toilet 
purposes. The distillation of orange flower oil was described 
by Benatius') in 1806. The oil was investigated in 1825 by 
Bonastre") and in 1828 by Boullay.*) 


OIL OF MYRRH. 

The history of myrrh is inseparable from that of frankin¬ 
cense. Both come from the same countries. From early anti¬ 
quity on, both have found like application in religious cults. In 
the commerce of the .spices, both have played an important role. 
Hence myrrh and frankincense are almost invariably mentioned 
together in the oldest writings. As their geographic source, 
mythical Arabia and the coast lands along the south end of 
the Red Sea, the Punt or Phun of Egyptian documents, are 

') |o. Balt. Porti‘, Neiipolitana' Magix imturalis libri viginti etc. Rom* 
ll>63. lot. 118. 

*) Menaglo. Orig'mi della lingua Italiaiia. 1685. — Dklionnain; de 
rrivoux. - Paris 1771. Vol. 6, p. 178. 

") The names NapM and Naphore probably had their origin in Languedoc. 
(Risso and Poiteau, Hisloire nalurelle des Orengers. Paris 1818. Edition 
Du Breuil 1872. p. 211.) Orange flower water was distilled in the laboratories 
ol German apothecary shops as early as the middle of the 17. century. 
(Simonis Paulli Quadripartilum hMankum de simpikium medkamentorum 
laeallatihiis etc. Argcntorali 1667. p. 585.) 

*) Berl. lahrbuch der Pharm. INOC, 256. 

*) lourn. de Hiarm. II. tl (1825), 529. 

’) lourn. de Pharm. II. 14 (1828), 496. Trommsdorff's Neues |oum. der 
Pliarm. lit, 1. (1829), 226. 
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have been used earlier than myrrh. In addition to the literary 
sources mentioned under myrrh,') the age of such uses is indi¬ 
cated by recent investigations.*) Its most common application 
and largest use, frankincense found as incense in the religious 
cults of most of the peoples of antiquity. As such it was adop¬ 
ted by the Roman and Greek Catholic churches. Its use as in¬ 
cense, either by itself") or with myrrh*) and other spices was 
especially esteemed in the temple service of the Hebrews, who 
obtained these spices through the Phoenicians.*) Frankincense 
was also transported by caravan to Persia and Babylonia.") In¬ 
deed, the trafic in frankincense and myrrh exerted a great in¬ 
fluence on the commerce of the coastlands of the Red Sea. 

Among other writers Herodotus,’) Plutarch,') Theophrastus,") 
and Athen<Bos,"’) later Strabon,") Dioscoridcs'*) and Pliny,") 
also Arrian") make mention of the importance of frankincen.se.'*) 

') See pp. 153 and 154. 

-) Criittendon, in Transactions of the Bombay Oeographical Society. 

Vol. 7 (1846), p. 121. Chishull, AntiquitHtcs Asiatiav. London 1728. 

pp. b5--72. - Harris, The Hij^hlands of Abyssinia. Description of the Krankin* 
cense tree in Guardafui. London 1844. 

“) Lxodus, 30 : 34. LeviticN.s, 2: 1, 2, 15, lb; 5:11; b: 15. I. Chro¬ 
nicles, 10:2d. Sonu of Solomon, 4:14. Isaiah, 43 : 23; b0:b. — )ere- 

miah, b;20. Matthew, 2:11. 

Sec p. 153, footnote 3 and 4. 

■') p. b. Movers, Das phdnidsche Altertliam. 185b. Vol. 3, pp. 9Q 
and 299, 

"1 Sprenger, Die alte Oeo^rapiiie Arahiens. Bern 1875. pp. 212, 218, 
219, 230, 2b4, 282, 284, 299, 308. 

‘) historiarum Uhri W. Editio Rawlinson. 1858. Vol. 2, p. 488. 

') Fluckiger, Phamakogmsie. IWl. p. 50. 

Theophrasti F.resii Opera qus suiwrsunt omnia, tiistoria ptanta- 
rum Liber IV, cap. 4 and Liber IX, cap. 4. Editio Wimmer. Vol. I. pp. bb 
and 143. 

Athenaei Dipuosophistarum Hbri XV. pp. 233, 289 and 309. 

Strabonis Geographica. Lib. XVI, cap. 4. Meyer, Botanische Er- 
iiuteritngen zu Strabo. Konigsberg 1852. pp. 137 139, - - Meyers Geschkhte 
der Botanik, Konigsberg 1855. Vol. 2, p. 88. 

’*) DIoscoridls De materia medka Hbri quinque. Editio Kuhn-Sprengel. 
Voi.1, p.24. 

Plinii Nattiralis historiai Hbri, Lib. XII, p. 41. Editio Littr6. p. 489. 

'*} PeripJas mark er^ihrzei. In Caroli Miilleri Geographi Graeci minores. 
Paris 1855, Vol. I, pp. 264 265. 

Hebrew LehonaJi, Latin. Thus (from to sacrifice). 
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The disrilled oil of frankincense was known to Valerius 
Cordus, but it is seldom mentioned in literature. In the treatises 
on di,stillation of the 16. century frankincense is mentioned as 
one of the many substances used in the distillation of the com¬ 
plex balsams e. g. by Gesner.') Oil of frankincense is first found 
as Oleum thuris in the drug ordinances of the city of Berlin 
for 1574, and of Frankfurt-on-the-Main for 1587; further in the 
Dispensatorium Noricum of the year 1589. 

The older investigations of frankincense as to content of 
volatile oil as well as the properties of the oil were mostly made 
in connection with like investigations of oil of myrrh of which 
the more important have been mentioned on p. 153. 

Special ob.scrvations concerning the oil and its constituents 
were made by Joh. E. Ba;r-) in 1787 and by )ohnston“) in 1839. 
The first investigation of the oil was made by Stenhouse') in 1840. 

OIL OF ELEMI. 

Statements supposed to pertain to elemi made during the 
period of the Romans are based largely on surmise.*) In Europe, 
elemi became known in the course of the 15. century,’) being used 
as an external remedy.') However, its use was anything but general 
and at the time of Valerius Cordus, little was known concerning 
the rcsimi ehmnia.') The regular introduction into Europe of 
F'liilippine elemi docs not date back farther than about 1820.*) 

') Euonyini Philiatri lin kOstliclier theurer Schatz. 1555. p. 163. 

') Disscrialio. Erlangic 1787. 

'I Philosoph. Transact. London ISSII, 301. 

*) Liebiii's Annalen 113 (1840), 306. 

7 Fluchipcr, PliarmakogiiosK. III. cd., p. 88. Eluckiper and Hanbury, 
Phannacographla. p. U7. 

*) Monardes, Histmia medicinal de las cosas que se traen de nues- 
teas htdias nccidentahs qui sin-en en medicina. Sevilla 1574. - Editio 
Clu.sil 1563, p. 315. - W. Piso, Historia naluralis el medica occidentaiis 
1658, p. 123. Ray, Historia planlanim nOi. Vol. 3. Appendix p. 60 and b1. 
a. Pomet, Histoire des dmgues. Paris 1694. p.26l. 

3 Winkeimann, Urkiindenbiich der UniversitSt Heidelberg 1886, L 125, 
.12. Flucklger, Dokumente zur Geschichte der Pharmazie. 1876. p. 26. 
Ftuckiger, Die Franktarier lisle 1872. p. 16. 

3 Valeri! Cordil Historia stirpiam. Lib. IV, cap. 97, p. 208. 

•) Arch, der Pharm. 17 (1826), 72. 
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Distilled oil of eiemi is first mentioned in the price ordinance 
of Frankfurt-on-the-Main of 1587. It was admitted to the Phar¬ 
macopeia Augustana of 1613 and the Frankfurt Pharmacopda 
of 1649.») 

The first determination of the yield of oil was made by 
Caspar Neumann’) about 1730. Redeterminations were made 
later by Manjeau') and Bonastre.*) 


OIL OF LIGNALOES. 

Fragrant woods from Mexico and French Guyana have been 
articles of commerce since the 18. century. They were named 
aloe wood because at first they were regarded as being iden¬ 
tical with the older aloe wood.*) Mexican lignaloes was first 

') Schroder, Phatmacoama medico-physka. Ulm IMR. p. IW. 

*) Caspar Neumann, Oiymia medica dogmalico-experimenlalia. Editio 
Kessel. 1749. Vol. 2, p. 40J-405. 

^ |oum. de Riarm. 10 (1824), 190. 

lourn. de Pharm. » (1823), 45 -49, Trommsdorffs Neues |oum. der 
Pharm, i, I. 0823), 368. 

”) During antiquity the name aloe wood or Adlerholi was used as a 
collective term lor fragrant woods obtained from diflerent sources (Comp. 

1. Moller, Ligaum Aloes und Linaloehols. II. Mitteil., Pharm. Post 1898.) 
However, it appears to have been applied primarily to the resinous wood ol 
Aquilaria Agallocha, Roxb. (N.O. Thymeleaces). Like sandalwood, it belongs 
to the spices used during antiquity. The East Indians called it Ahaha or 
Ahahth the Greeks "Saiy also aydunm: The Arabians designated it al-oed, 
meaning the wood, also agaluchin. The latter word gave rise to the Portu¬ 
guese designation pao de aquHa. this in turn to the Uin lignum aqrrrte. 
(Boorsma, Ueber Aloeholz und andere PiechMIzer. Bull, du Dipart, de 
f Agriculture aux tndes Niedandaises. No. VII. [Pharmacologie IH) Bulten- 
2orgl907 p.1, footnote 4.)-Proverbs, 7; 17. In Luther's translation (Psalms, 
45 9, - Song ol Solomon, 4:14. - St |ohn, 19:39, Sc.). In the English 
version it is translated as aloe wood. During antiquity it was prized so very 
highly that it was regarded as a most precious gift, from Egyptian docu¬ 
ments from the 17. century B. C. it becomes apparent that lignaloes, sandal¬ 
wood and cassia were highly esteemed spices by the Egyptians and that 
these were imported via the Red Sea route. (Liebleln, Handel und Schilfahrt 
auf dem goten Meen in alien Zeiten. Christiania 1886. p. 31). Not until the 
crusades did lignaloes enter the Mediterranean commerce. During the reign ol 
the East Roman and later ol the Greek emperors In ConsUntinople, and during 
the prime of the Levant commerce, lignaloes was one ol the common spices 
of the Orient (W. Heyd, Gesdiichte des Levantehandek im HittelalUr. 
1879. Vol. 1, pp. 181, 191, 256, 418, 423; voL2, pp.9, 153, 559.) About 1290 
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introduced into France in 1866. Guyana lignaloes was first 
brought to Marseille in the seventies and was there used for 
the distillation of the oil. In Cayenne the oil was first distilled 
in 1893. 

CASCARILLA OIL. 

It appears to have been in the first half of the 17. century 
that cascarilla bark was imported into Europe from the Bahama 
islands where the Cmlon EluUuis, Bennett is indigenous.') The 
aborigines of these islands used the bark for fumigating pur¬ 
poses and as admixture to tobacco. Toward the end of the 
same century, cascarilla bark-was u.scd medicinally in Germany. 
In the pharmaceutical price ordinance of Minden of 1691, it is 
enumerated as Cortex Chinx de China nova, and in that of 
1694 as Cortex Chinx novx seu Schacorillx.-) 

Cascarilla oil is first mentioned in the Taxa universalis, 
Nuernberg 1747, as Oleum SchaqueriUx.^ Statements con¬ 
cerning the yield and its specific gravity are made by Tromms- 
dorff) in 1838. 


OIL OF MASTIC. 

During antiquity mastic was used for fumigation, embalming 
and as a taste corrective for wine. With other spices used for 

Marco Polo found it to be one of the most preciou.s perfumes used in China 
and India. f/.(* //Vre t/c tiarvo A>/o. Edition Pauthier. Paris 1805. p. 532). 
Since the to. century a liRnaloes is brousht into the market from Cochinchina 
and Siam under the Mahiyan name Katamlmk. It Is obtained from the ieR- 
iiminous tree Moexyhm Aeallochiim, V. C. The wood of this tree resembles 
th.il of Aiiiiillaria .Agalhiiiu, Koxb. and for a long time it was used medici¬ 
nally and lor perfume purposes under the name Lignum aloes or Lignum 
again veri. According to Mbller the genuine lignaloes is odorless and hence 
contains no volatile oil. Hence the' oleum ligni aloes of the spice ordinance 
of Ulm of 1500 (Reichard, Heitragc lur Gcscluchte der Apothekeu. Dim 1825. 
p. 208) must have been distilled from a different wood. 

Tlic wood of Gonysiflus Mii/uelianus, T. and B. (N. 0. Thymelaces) 
IS likewise to be regarded as a genuine lignaloes. In European countries the 
lignum aliK's is no longer in use. In British India, China and the Dutch 
.irchipelago it finds extended use even to-day. (Boorsma, I. c. p. 2.) 

') Muckiger and Hanbury, Pharmacographia. II. ed, p. 501. 

*) I'luckiger, Phatmakognosic. III. ed.. p. 012. 

") Cl. Fendler, Inaug. Disserlal. Rostock 1000. p. 2. 

') Trommsidorff's Neues fourn. der I’harm. 26, II. (1833), 130. 
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like purposes, it is frequently mentioned in literature.') During 
the middle ages, mastic from Chios, Cyprus*) and Samos") was 
one of the highly prized condiments. It was chewed and much 
used in the preparation of compound balsams. Hence it is 
referred to in Arabian medical treatises and later treatises on 
distillation as Granomastice}) Occasionally it is mentioned in 
connection with and at times confounded with frankincense 
as Thus. 

Distilled oil of mastic, probably obtained by dry distillation, 
is first mentioned about the middle of the 15. century.*) Such 
an empyreumatic oil of mastic is also mentioned in the inven¬ 
tory of the Rathsapotheke in Braunschweig of the year 1518.*) 
Ryff) and Gesner") distilled mastic with wine. In the drug 
ordinances oil of mastic is first mentioned ig that of Berlin 
of 1574. in books on medicine in the Pharmacopaca Augustana 
of 1480 and in the Dispensatorium Noricum of 1589. Later 
the oil went out of use almost altogether. Recently it is being 
used in Turkey for the preparation of a liquor. 


GUR|UM BALSAM OIL. 

In India, gurjun balsam has been in use for a long time. 
The attention of Europeans was first directed to gurjun balsam 

■) Esekiel, 27:17. Herodoti Historanm tihri. Lib. IV, 177. — Theo- 
phrasti ilhlom planimm, Lib. iX, cap. 1 and 4. - Piinii Naliimlis historic 
lihri Lib. XII, cap.36. Editio Littrd, vol. I, p.487. - Plutarchii Horalia, 
ImetOaim. Edilio Parthey. 1850. p. 143 and 276. - Avicenna: libr; ra 
nmdicavmKS. Veneliis. 1546. Lib. XI, cap. 462. - Palladii i)e re roarica. 

Editio Nisard. 1877. p. 626. . , ,o,n 

W. Heyd, Gescliichte </e.s- Levaiilehaiidels im mttemter. IS7V. 

Geographic tTEdrisi, Iraduile par Amedde laiibert. 1836. Vol. 2, 
p. 27. - Meyer, Geschichte der Batanik. 1856. Vol. 3, p. W. 

*1 Guerard, Potyptique de I'abbd Irminon. Paris 1844. Vol. 2, p. 336. 
- Pfeiffer, Zwei deatsche ArmeibSchcr aus dent 12. and 13. Jahrhundert. 
In Sitzuagsberichte der kaiserl. Akademie der Wissensch. aii Wien. 4« (1863), 
ItO—162. Bticser. Geschichte der Nedizin. 1875. Vol. 3, p.663.) 

*) Saladini Compendium aromalarionim. Venetii 1488. Index. 

•) Eluckiger, 7%a/ma*c)f/ios«. 1841. p. 114. 

’) Gualtherus Ryff, New gross Deslillirbuch. 1545. Fol. 181. 

') Euonyrai Philiatri tin kdsllicher theurer Schatz. 1555. p. 237. 
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by Franklin’) in 1811 and by Wm. Ainslie-) in 1813. Its source 
and method of preparation, however, were first described by 
Wm. Roxburgh") in 1827. 

Its similar action to copaiba balsam was made known in 
India by the physician O'Shaughnessy’) as early as 1812. It 
acquired a considerable reputation in India as a remedy against 
lepra, later also in England in dermatological") practice. 


OIL OF LAIJAMUM. 

The ladanum resin, used since antiquity") as incense and 
embalming agent, is an exudation of the bush-like plants Cistus 
crcticus, L., C ladanikrus, L. and other species of the N. 0. 
Cistaa'O! indigenous to Asia Minor, Crete, Cyprus and a few 
other islands off the coast of Asia Minor. Up to the beginning 
of the 19. century it was an officinal drug, valued for its pleasant 
odor. It is often mentioned in literature’) along with the ancient 
aromatics, storax, myrrh and frankincense. Mot infrequently, 
especially in the translations of the Bible, it has been con¬ 
founded with galbanum.') Lately it has gone almost completely 
out of use. 

Ladanum oil, distilled at first with wine or spirits of wine 
(aqua vilw), was already known to Walter Ryff,") Conrad Gesner,'") 

') tranklin. Tracts on the dominions of Ava. London 1811. p. 36. 

■') Wm. Ainslie, Materia medka of Hindootitan. Madras 1813. p. 186. 

"1 Roxburgh, Plants of the coast of Coromandel. 1828. Vol. 3, p. 10 
and plate 113. 

‘) Uenpal Dispensatory. Calcutta. 1842. p. 32. 

') Pharmaceutical |oum. III. » (1875), 720. 

") Herodoti Historiarnm lihri imvein. Lib. Ill, 107, 112. 

’) Pllnii NatutaUs hislorix libri. Lib. XII, cap. 37 and 44. — Dioscoridis 
Ik materia medka libri quinque. Lib. I, cap. 23. Edit. Kuhn-Sprengel 1820. 
p. 120. — Dofiel d'Arcq, Comptes de i'Argenterie des mis defrance. 1851, 
p. to. Heyd, Geschkhte des Levantehandeis im Mittelalter. 1870. vol. 2, 
p. 614. Schrader, Moriatsberkhte der Berliner Akademie der IWssen- 
schalten, IHHI, 413. - Thiselton Dyer, Pharmaceutical )oum. III. (1884), 
301 and 16 (1885), 386 and 770. 

1 W. Smith, Dictionary of the Bible. London. Vol. 2 (1863), p. 450. — 
Rosenmuller, Handbucb der bibiiseben Aitertumskunde. Vol. 4 (1830), p. 156. 

") Giialtheri Ryff, Mew gross Destillirbuch. 1545. fol. 170. 

'") Euonymi Philiatri £in kdstikber tbearer Schatz. 1555. p. 237. 
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Hieronymus Rubeus,') and to Porta.*) It was taken up in medical 
books, first in the Dispensatorium Noricum of the year 1589 
and in the Pharmacopma Augustana of the year 1613. 


CANELLA OIL. 

When first introduced into Europe from the new world, 
canella bark, from Canella atba, Murray, was regarded as a kind 
of cinnamon bark. Later is was confounded with other barks, 
more particularly with Winter's bark, from Drimys Winteri, Forst. 
Canella bark was described as early as 1605 by Clusius") of 
Leyden. In 1690 Dale') called attention to its being mistaken 
for Winter’s bark. In 1694 Pomet") confounded canella bark 
with that of Cmamodmdmn corlicosum, Miers*) of St. Thomas. 
The latter was also repeatedly confounded with Winter’s bark, 
even as late as the Paris Exposition of 1855, 

In all probability canella oil was first distilled in 1707 by 
Sloane in England, later by Henry') in 1820. However, it appears 
to have found no application. It was examined by Meyer and 
von Reiche'') in 1843, later by Bruun") and by Williams."') 

OIL OF CLOVES. 

With cinnamon, nutmeg and pepper, cloves belong to the 
oldest known spices. As such they arc mentioned in Chinese, 

') Hieronymi Rubei Ravennatis Oe ikstillatiiiiK liber, in auo stilklitiomm 
llqmirum, quiai medkinam laciimtar, metimdm ac vm expikaiilur, Basilia! 
1581. cap. 5, tot. 148. 

‘I Porte Magias naturalis lihri viginli. 1564. p. 387. 

4 Carol! Clusii Exotkonim libri decern. Antverpix 1605, p. 78. 

4 Dale, Pbarmacologia sen manudiiclio ad Maleriam medkam. Loodon 
1603. p.432. 

4 ?\emVmei,mstoiregiiiiraledesbrogaes. ParistW4. Tom.l,p.lX. 

'4 Annals and Magazine of Natural History, May 1858. — Miers, Con¬ 
tributions to Botany. Vol. I, p. 121. — Crisebach, Flora of the British West 
Indian Islands. Vol. I, p. 100. 

4 Trotnmsdotfrs Taschenbuch i. Chemiker und Pharmazeuten 54 |l82t), 
tot. — Berliner jahrbuch d. Pharm. 24 (1821), I. 166. 

4 Liebig's Annalen 47 (1843), 224. 

*) Proceed. Wise. Pharm. Assoc. IWB, 36. 

"4 Pharm. Rundschau (New York) 12 (1804), 183. 

GllAFMFItTVS Tin> UAia»t«» nii« 
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by Franklin’) in 1811 and by Wm. Ainslie-) in 1813. Its source 
and method of preparation, however, were first described by 
Wm. Roxburgh") in 1827. 

Its similar action to copaiba balsam was made known in 
India by the physician O'Shaughnessy’) as early as 1812. It 
acquired a considerable reputation in India as a remedy against 
lepra, later also in England in dermatological") practice. 


OIL OF LAIJAMUM. 

The ladanum resin, used since antiquity") as incense and 
embalming agent, is an exudation of the bush-like plants Cistus 
crcticus, L., C ladanikrus, L. and other species of the N. 0. 
Cistaa'O! indigenous to Asia Minor, Crete, Cyprus and a few 
other islands off the coast of Asia Minor. Up to the beginning 
of the 19. century it was an officinal drug, valued for its pleasant 
odor. It is often mentioned in literature’) along with the ancient 
aromatics, storax, myrrh and frankincense. Mot infrequently, 
especially in the translations of the Bible, it has been con¬ 
founded with galbanum.') Lately it has gone almost completely 
out of use. 

Ladanum oil, distilled at first with wine or spirits of wine 
(aqua vilw), was already known to Walter Ryff,") Conrad Gesner,'") 

') tranklin. Tracts on the dominions of Ava. London 1811. p. 36. 

■') Wm. Ainslie, Materia medka of Hindootitan. Madras 1813. p. 186. 

"1 Roxburgh, Plants of the coast of Coromandel. 1828. Vol. 3, p. 10 
and plate 113. 

‘) Uenpal Dispensatory. Calcutta. 1842. p. 32. 

') Pharmaceutical |oum. III. » (1875), 720. 

") Herodoti Historiarnm lihri imvein. Lib. Ill, 107, 112. 

’) Pllnii NatutaUs hislorix libri. Lib. XII, cap. 37 and 44. — Dioscoridis 
Ik materia medka libri quinque. Lib. I, cap. 23. Edit. Kuhn-Sprengel 1820. 
p. 120. — Dofiel d'Arcq, Comptes de i'Argenterie des mis defrance. 1851, 
p. to. Heyd, Geschkhte des Levantehandeis im Mittelalter. 1870. vol. 2, 
p. 614. Schrader, Moriatsberkhte der Berliner Akademie der IWssen- 
schalten, IHHI, 413. - Thiselton Dyer, Pharmaceutical )oum. III. (1884), 
301 and 16 (1885), 386 and 770. 

1 W. Smith, Dictionary of the Bible. London. Vol. 2 (1863), p. 450. — 
Rosenmuller, Handbucb der bibiiseben Aitertumskunde. Vol. 4 (1830), p. 156. 

") Giialtheri Ryff, Mew gross Destillirbuch. 1545. fol. 170. 

'") Euonymi Philiatri £in kdstikber tbearer Schatz. 1555. p. 237. 
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and those of Pigafetta,') the companion of Magellan. Both 
described from their own observations not only the clovetree, 
but also the collection of the cloves, the former in 1504, the 
latter in 1521. 

From the beginning of the 16. century to the close of the 
17. century the commerce in cloves was almost exclusively in 
the hands of the Portuguese. Having crowded out the Portuguese, 
the Dutch in 1605 attempted to make a monopoly of the trade 
in cloves. With this end in view they destroyed the clove 
plantations in the Moluccas with the exception of those in the 
island of Amboina.’) 

However in 1769 Poivre, the French governor of Bourbon 
and Mauritius, succeeded in transplanting clove and nutmeg 
trees from Amboina to his islands. ') From here, in 1793, eul- 
tiv.ited .specimens were transplanted to French Guiana (Cayenne), 
Martinique, St. Vincent, Domingo and Trinidad; also about the 
same time to Zanzibar.') 

As ornamental plants, clove trees were introduced into 
Europe, more particularly into Venice, about the beginning of 
the 16, century.-') 

On account of the high price of cloves, the aromatic stems 
remaining after the picking of the blossoms were introduced 
into commerce as early as the beginning of the 15. century.") 
However, they appear to have been used primarily for the 


') Kamusio, Haaolta tlclle mvigatioiii et mggi. Venetia 1554, fol. 404b. 
tdil. Hakluyt Society, London 1874, p. K)4. 

') Hasskarl, Naier SchlSssd zu Humph Herbarium amboiuense. 1866. 
Vol. 2, p. 17. 

") Tessier, Sur I'impiuialhii du gimftkr des Moluqiics am hies de 
I raiicc, de Bourbon el de Secbelles, el de ces isles a Cayenne. Observa¬ 
tions sur ia physique, Paris, iuillet 1774. 

') Las Colonias espanoies. hlas niipinas. Madrid 1880, pp. 72 and 122. 

Guillain, IJoaimenis sur i'histoire, ia giographie el le oiunmerce de 
l Afrique nrientale. Paris 1856. Tom. 3, p. 318. - Annales de Chim. et Phys. 
I, 7 (17901, 1-21. 

■') Conrad Gesner, Horti Germanize. 1562. fol. 288. 

") Pegolotti, Delia deeima e delie alire gravezze imposte da! comiine 
di Firenze. 1766. Vol. 3, p. 98. — Luciano Banchi, / porti della maremma 
Senese durante ia repubiica. Archivio storico italiano. XII. parte 2 (1880), 
p. 90. - Bonaini, Statuti inediti della citth di Hsa. Hrenze 1857. Vol. 3, 
p. 106. — Henschel, /amis. Breslau 1846. Vol. I, p. 40. 


11* 
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adulleralion of clove powder.') Nevertheless Porta in his writings 
about the middle of the 16. century, mentions that he had obtained 
an oil distilled from the stems.'-') 

Oil of cloves appears to have been distilled for the first 
time in the I i. century, but probably, like other aromatics, with 
wine or the addition of spirits of wine. This method of distil¬ 
lation was described by Walter Kyff,") Conrad Gesner,') Adam 
Loniccr') and others. Cicsner also mentions the distillation of 
the oil, iKT (Icscensiim.^) The pure oil however was, shortly 
afterwards distilled by Valerius Cordus,') by Winther of Andcr- 
naclr) and by Porta.") In the Dispvnsalorium Noricum, oil of 
cloves was admitted with a number of other oils in the edition 
ol I.W. In drug ordinances it was first mentioned in that of 
the city ot licilin in I.W.'") 

The yield of volatile oil from cloves was determined by Boer- 
lia.-ive,") It. Hoffmann,'') Caspar Ncum.ann'") and H. Tromnis- 


H.iadi’r, Niiinhctfit'r f*iili/.ci\cnud/iunffai im dvm AV. tiis /.). /afir- 
hiindcri. 18(il. pp. 1'^ anil l.K f'luckitjer, Ziir Hhvrvn (hscfiichtc der 
in Ikrn. Scli.itthausen 18 p 2, p. 21. 

•') IJaplist.c l-*orta.' Mutiuv ludurnlti. f/hii vigiriti. I.ihvr dc dcxtillaiiorw. 
I.dit. Uonu'. iwW. p. 75. 

Giullhcrus Kyff, Nvw fimss Ikwtillirfnult. 1545. foi. 88. 

') Liionynii Hjilinlri t in kMlitlwr fheiircrSchnt/ Zurich 1555. pp.227, 
252. rdilio 1557, p. 288. 

') Adaini hmiceri tyu'inlcrlniv/i and ktlnsUuhv Contcrfeynnficn. Odiiio 
Peter Utfeiibacli. 1551. p. .54P. 

■') l.uonyrni Philuitn t'm kOstlidivr theurer Sdut/. Editio 1557. p. 288. 
1 Val. Cordus, Dv .irtiluioxis cxtractionibiis Hbcr. Ari;entorati 15bl. 
pan. 22 p. 

') (iiiinthcri Andernaci Ijhvr de icti'ri et nuvn medienm. BaKilixl57l. 
fol. b;J0- W5. 

"I |o. li.iptlsta‘ Port.c mtUtrulis lihri viginti. Liber de desiHlatiorie. 
AntverpU' 15P7. pp. 184 and 37d. 

/ sdnmlio ninteniV nwdu w ntriustfuc genus ... in gratiam ct usuni 
inihfiaim cniuttnn Nnrcin.v Bhuidenburgensis. Autore Matthajo Macco. 
Hcroiini anno 1574. 

“1 Hennannus Hoerhaave, Llementa chemix, qux amnvvntario Jabore 
diKuit in fuiblh'is prnatisiinv Av//tj//.s’. 1732. Vol.2, p. 114. 

hrcdcrici Hoffmannii Obsvnatkwum physico-chemicarum setectiorum. 
1722. Vol. I, p. II. De earyophyths aromatids. Hal« 1701. 

") C«ispar Neumann, Chyinia medica dogmatico-experimentatk. Editio 
Kcsscl. I74d. 
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dorff.‘) Boerhaave remarked that the variation in yield obtained on 
distillation was somethimes due to the adulteration with cloves which 
had been exhausted of their oil by distillation and then dried again.*) 
Bonastre") in 1827 recognized the acid nature of clove oil and 
investigated the salt-like compounds of eugenol that were formed 
with alkalies. Ettling and Liebig') first showed that besides 
••fielkensauK", eugenic acid, there is also present in the oil an 
indifferent body. Of the older investigations which were restricted 
mostly to eugenol, those of Dumas') (18.33), Bockinann") (1838), 
Caivi') (1856), Bruning’’) (1857), Williams") (1858), Hlasiwctz and 
Grabowski'") (1866) and Erlenmeyer") (1866) may be mentioned. 


OIL OE CA|EPUT. 

Oil of cajeput appears not to have been brought to Europe 
until the beginning of the 17. century, when the Dutch took 
possession of the Moluccas. The first accurate account of the. 
source of this oil was given by the mi.ssionary Valentyn,'*) and 
the merchant Georg Eberhard Rumpf of Hanau, both living in 
Aniboina. The latter was an enthusiastic plant collector, and 
author of the first flora of the island Amboina.") According to 

') Tromm.sdorff’.'i (ourn. der Pharm. 21, tl (1814), 2.'}. 

■') Pfatf, System der Materia medica, * (1821), 432. 

') loiint. dc Pliarra. t). IS (1827), 4(4 and 513; PoBt>cndorfl'.s Annalen 10 
(1827), 800 and 61). 

*) Liebi(j',s Annalen 9 (1834), 88. 

‘‘) Ann. de Cliim. ct dc Phy.s. II. aS (1833), 185. - I.iebiB'.s Annalen 9 
(1834), 88. 

“) Liebifj’s Annalen 27 1(838), 155. 

') Ibidem 99 (1856), 242. 

“) Ibidem 104 (1857), 202. 

") Ibidem lOi (1858), 238. 

’") Ibidem ISO (1866), 95. 

") Zeitschr. (. Chemle 9 (1866), 95. 

”) Verbandl. ran der Gesehiedenissen en Zaaken in Amboina. Vol.3,p.t93. 

“) G. E. Rurophli Herbarium ambuinense, pliirimas compleclens arbttres 
trutices, herbas, plantas lemstres et aquaticas, quae in Amboina et adja- 
centibiis reperiuntur insiilis ... (Met Ambuinsebe Kruid book). It was not 
until forty years after the death of Rumpf that this work was published by 
lohann Burmann, Profes.sor of Botany in Amsterdam. It appeared during the 
years 1741—1755 in six folios with 587 plates. The reference to cajeput oil 
will be found in vol. 2, p. 72. 
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Rumpf’s') sUtcmcnt, the Malays and )avancse were acquainted 
with oil of cajeput long before the Moluccas, the Banda and 
the Sunda islands were taken possession of, and used it as a 
diaphoretic. In Europe, the oil at first appears to have found 
no application. The first notice of such is by the physician 
|. M. Lochner in Nurnberg, and by the apothecary )oh. Heinr. Link 
in Leipzig. The former mentioned the oil in 1717,-) the latter had 
bought the oil about the same time as a novelty from the physi¬ 
cian of a ship which had just returned from the East Indies.'') 
Erom this time on cajeput oil was used medicinally in Germany 
and was introduced into the apothecary shops') and mentioned in 
price ordinances and in medical works. Eor some time, however, 
it remained rare and expensive'') and not until 1730 did larger 
quantities of the oil come into the European market via Amster¬ 
dam.*) In Germany, it was at first called Oleum Wittnebianum 
after a merchant E. H. Wittneben of Wolfenbiittel, who had lived 
several years in Batavia, and who, in German essays,') had 
recommended the oil as a valuable remedial agent. 

In I ranee and in England oil of cajeput was not used until 
the beginning of the past century. 

The first detailed account of the simple methods of distillation 
of cajeput oil used on the Moluccas, was given by the French 
traveler Labillardierc,') who had visited the island of Burn in 1792. 
The use of copper stills and condensers gave rise to a green 

') Kumphil /fcrh.tninn amhoinvasc Vol. 2, chapt. 2b. 

•) AiitiivmU' tiaWhil. Omosor. Lphemvndvs Centiiri V, VI. Mfirnberg 
1717. p. 157. 

■"I Summhitif! x on .\ilur and Nediz 'm, \\ /V aiic/t i on h'unst- and Lite- 
ratmfjvxdiiililvn. Leipzi^i .ind Btidissin. I71*J p. 257. 

*1 HuckiRer, Dokumvntv /.iir (k'schichtv dvr Pharmaziv. 1876. pp. 88 
and 

•| Abraham Valcr, Catalofii^'i variorum txoticoriim rarmimoram. Wilten- 
htTRa.’ 1726. 

") Schcndu.s van dcr Heck, l)c htdix rariorihus. M'ta natural. Curiosor. 
Vol. 1. .\ppaidix XTi'a. p. 123. 

'*) This designation was largely due to an erroneous statement in the 
Commcrcium htterarium published by 1. C. Got? in 1731 in Nurnberg. In it 
Wittneben is mentioned as discoverer of the oil of cajeput. This misstatement 
was not corrected until tw'enty years later in the dissertation of Martini, p. 178, 
fovTtnote 4. 

Travels in the Last Indian Archipelago. London 1868. p. 282. 
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color due to a small amount of copper in the oil. The cause 
of this coloration was first detected by the apothecaries Hellwig*) 
in Stralsund in 1786, )oh. Friedr. Westrumb*) in Hamcin in 1788, 
and Trommsdorff") in Erfurt in 1795.*) 

EUCALYPTUS OIL. 

The oil of Eucalyptus piperita, Sm., is the oldest oil of 
eucalyptus leaves, being mentioned as early as 1790.') In 1853 
the botanist Ferdinand von Muller recommended to the Province 
of Vietoria the distillation of the leaves of the eucalyptus species.") 
IJosisto,') who had distilled experimentally the dried leaves in 
London, established in 1854 the first factory in Australia,*) and 
is, therefore, to be considered as the founder of this extensive 
industry. 

Australian eucalyptus oil came into the German market 
about 1866 without any botanical reference as to its source. Pro¬ 
bably it was principally the distillate from Eucalyptus amyg- 
dalina. 

Eucalyptus Globulus was discovered in Tasmania in 1792 
by Labillardicre and introduced into Europe in 1856 by Ramcl.") 
The oil of this species was obtained on a large scale, fir.st in 
southern France, Algiers and California, and has become a 
staple article of commerce only since the early eighties of the 
past century. 

') Crell’s Chem. Annalcn liM!, II. 141. 

*) loh. F. Westnimb, Kleim physikitliscli-chemisclie Ahhandluagai. Uip- 
zifi 1788. Vol. 2, No. I, 

’) Tfommsdorff's loum. der Pham. !, I. (1795), 115. 

*1 Earlier contributions on ajeput oil arc: D. Martini, Dissertalh epislu- 
laris qua de oleo Wittnebiano sea Kaieput eiusqiic saluberrimls ettKtitms 
nponit. Guelpherb. 1751. - |oh. Fr. artheuser,/> o/«r ra/ep/tn. ter- 
tatio pbysico-chemka. Erfurt 1754, . . - 

"I loumal of a VoyaRc to New South Wales by )ohn White. SurReon- 
Oencral to the Settlement, published 1790. 

*1 Ferd. v. Muller, EucalyptoRraphia. Melbourne 1879. Ferd. v. Muller, 
Select Extra-Tropical Plants. IX. Edit. Melbourne 1895. p, 184. 

3 Bosisto, Transact Royal Soc. Victoria 1H61 M. 

T Bericht von Schimmel S Co. October 1886, 13. 

•) Bentley, On the characters, properties and uses of Eucalyptus Gto- 
biitus. London 1854. Sa^ia, Odorographia. London 1894. Vol. 2, p. 241. 
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OIL OF CORIANDER. 

The coriander plant, Coriandmm sativum, L., cultivated in 
many countries and in nearly all climates, was used as a kitchen 
spice even before the Christian Era.') As such, coriander fruit 
is mentioned repeatedly in Sanscrit writings, in the Bible ’) and in 
later Roman writings.*) Together with other offerings,') coriander 
fruit has also been found in old Egyptian monuments of the 
10. century B. C. 

Coriander is also mentioned among the useful plants re¬ 
commended for cultivation by Charlemagne,’') but it appears 
to have received, as with the Arabians so also with the Ger¬ 
mans in the middle ages, only slight consideration. The fruit 
is again mentioned in the medical") and distilling books of 
the 16. century, although it had been employed now and again 
as a kitchen spice.') 

The distilled oil of coriander appears to have been first 
obtained by Porta") in the 16. century who prepared it after 
moistening the fruit with aqua vitic. In the price ordinances of 
spices, the oil is first included in that of Berlin of 1574 and that 
of Frankfurt-on-the-Main of 1587; also in the 1589 edition of the 
Dispcnsaloriuni Noricum. 

Coriander oil was investigated in 1785 by Masse,") in 1835 

') Prosper Alpinus, tkpi,intis AlgyptitilKr. Venetii 1541. Cap.42, p.bl. 

*) flxodiis, 10; 31. Plumbers 11:7. 

"1 Theophrastif>/rpr.r^r/a*.sf//rer.sfmromn/a. ttislorinplantanim. Lib.VI. 4. 
I'lditio Wimmer. 1800, p. 117. Uioseoridis Ik makria medica tibri qainque. 
Editio kiihti-Sprenccl. 1824, p. 410. Plinii tiatnraUs hktorix. I.ib. XIX. 35 
and XX. 82. Editio Liltre. Vol. I. p. 724 and Vol. 2, p 33. Catonis tk re 
mstka Libri XII. Cap. 114 and 157, Edit. Piisard, p. 34 and 54. - Columella; 
Ik re nisika. Cap. 10 .and II. Edit. Hisard, pp. 414, 442. Palladii Z7o re 
mstka. I.ib III, 24. Lib. IV. 4. Editio Piisard. p. 507 and 

') U. Schweinlurtb, in the Ikrkhte der deutseb. botan. Gcsetlschatt, 2 
118841, 354. 

') See lootnote 8. p. 133. 

Oas mittelbocbdentscbe Gotbaer Arzneibneh. 1873. p. 13. 

3 Hirsch, Damirs Handels- and Gewerbe-Gescbkbte. Leipzig 1858. 
p. 2U 

') )o. Bapl. Porta: Magix naluralis libri viginti. Lib. X. "tk destilla- 
tiimc." Roma: 1008, p. 374. 

1 Crell's Chemische Annalen liUTj, 1. 422. 
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by Trommsdorff,*) in 1852 by A. Kawalier-) and in 1881 by 
B. Grosser.*) A true insight into its composition, however, was 
brought about by the investigations of Semmler (1891) and of 
Barbier (1893). 


OIL OF CUMIN. 

During antiquity both the Roman or mother caraway of the 
Orient, Cuminum Cyminum, L, and the common caraway were 
used as spices. In literature, e. g. in the translations of the Bible, 
both have been confused, not only the one with the other, but 
both with the seeds of the black caraway, the Nigella.') According 
to statements in the Papyrus Ebers, cumin and caraway seeds 
have been found in Egyptian graves, Dioscorides') describes 
both. In Spain both cumin and caraway were cultivated by the 
Arabians during the 12. century.*) Both are enumerated in the 
market ordinances of Brugge in Flandria of 1307,') and of Danzig 
in the beginning of the 15. century.') In 716 cumin seed is 
mentioned among the objects of tribute to be paid to the Norman 
monastery Corbie.’) During the early part of the 13. century, 
Edrisi, the geographer, mentions both fruits as products of Morocco 
and Algiers.'") Both were used in England toward the beginning 
of the 13. century,") and in Germany in the 15. century.'*) 

') Arch, der Phami. •’>!! (I8.'J5), 114. 

*1 l.iebiR's Annalen M (1852), 351; )oum. f. prakt. Chem. 6S (1853), 226. 

”) Bert. Berichte 14 (1881), 2485. 

*) Isaiah,28;25to27. Rosenmuller, HaiMilmchderhihlischeiiAllerlum- 
hiiide. Leipzig 1830. Vol. 4, p. 100. - Plinii NaWmIis historic libri. Lib. XIX, 
cap. 8. 

') Dioscoridis l)e materia medica libri quinque. Editio Kiihn-Sprengcl 
1829. Vol. 1, 407. 

•) lbn.al-Awam, Litre d'agricaitate, traduit par Cldment-Mullet. 1864. 
Vol. 2, p. 242 and 244. 

') 'Narttbinti.HkloiredelaFlandrc. 1836. Vol.2, p. 512 and vol. 4, p.449. 

') H\nch,DamigsHandels-imd(lewerbegescbkMe. Leipzig 1858, p.243. 

") Pardessus, Oiplomala, Charta;, etc. Paris 1849, p. 307. 

'*) Edrisi, Description de rAiriqiie et de LEspagne, traduit par Dozy 
et De Goeje. Leyden 1866. pp. 75, 97, 150. 

") Rogers, History ot Agriculture and Prices in Engiand. 1876. Vol. 1, 
p. 631 and vol. 2, pp. 543-547. Riley, Monumenta GuUdhaUi Londtmiensk. 
1859. p. 224. 

'■y Thomas, Fontego dei Tedeschi in Venezia. 1874. p. 252. 
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The volatile oil of cumin is included in the price ordinances 
of lierlin of 1574, and of Frankfurt of 1582, also in the 1589 
edition of the Dispensatorium /ioricum. 

OIL OF CELERY SEED. 

Celery was known at the beginning of the Christian era.') 
As a kitchen spice it is recommended in the Capitularv of Charle¬ 
magne 812,') as a medicament by the abbess Hildegard") in the 
early part of the 12. century. 

During the period of the distilled waters, celery water was 
used as a dome.stic remedy and is repeatidly described in the 
treatises on distillation of the 15. and 16. centuries.') 

Distilled oil of celery appears to have come into use 
during the middle of the 16. century. In the spice and drug 
ordinances it is first mentioned in that of Frankfurt-on-the- 
Main of 1587, also in the 1589 edition of the Dispensatorium 
Noricum. 

The apiol which crystallizes from the oil at lower tempera¬ 
tures was observed as early as 1715 by the apothecary Christian 
Link'') of Leipzig, again in 1745 by A. Fr. Walthcr.") 

The oils from the fresh herb and seeds was distilled by 
Pabitzky') in 1754. Doth the oils and the crystals separat¬ 
ing therefrom are further mentioned by Dchne,'’) Bollc,") and 

') DIoscorldis Dq nuitcria mcdiai lihii quinque. Editio Kuhn-Sprcngel. 
182^. Vol. 1, p. -HJ. - Plinii linturaUs iusturiv lihri. Lib. XX. cap. 47, 
liditio l.Ittre, Vol. 2, p. 18. Apiciiis Cicliiis in Mcyer\s (jcschichte der 
liot.imk Vol. 2, p. 242. - Dicrbach,/7 oa 7 A/vc/a/ja. 1831. p. 52. 

■) Citpitukrc dv vWis vt cortis imperMlibiis. Anno 812. Comments by 
A. Th.er in Fubling's Landwirtschaftliche Zeitung. Berlin 187S. 241-280. 

Hildet*ardis AhhiUissiV Suhtilitatum diversarum naturarum crea- 
tiiranwi lihri no\em. Editio Mij^me. Patrologia^ cursas aunphtiis. Paris 
1855. p. 1158. 

*1 Hieronymus Brunschwig, Lihvr dc arte destiUandi. 1500. fol. 87. 

Sammhmg vow Natur und Ncdicin, wie aiich von Knnst- und Lite- 
ratiirgcsdiichten. Leipzig and Budissin 1718. 

•') A. Fr. Walther, De oleis vegetabilium essentiaiibus. Dissertatio. 
Leip/ig 1745, p. 17. 

’) Braunschweiger Anzeiger 17&4, 1205. 

') Crell’s Chem. )ourn. IiiK, I. 40. 

”) Arch, der Phann. 29 (1829), 188. 
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Bley.') The first elementary analysis of ttie "celery camphor” 
was made by Blanchet and Sell.-) It was further investigated 
by Loewig and Weidmann.“) 

OIL OF CARAWAY. 

Like other related umbelliferous plants, caraway or Cvvm 
Cam, L., has been cultivated in Europe and Asia since anti¬ 
quity and used as a kitchen spicc.‘) With these other umbelli¬ 
ferous plants, and at times confounded with the one or the other, 
it is frequently mentioned in ancient literature,”) also in mida-val 
medical books and in the treatises on distillation. During the 
beginning of the 12. century caraway was cultivated by the 
Arabians in Morocco") and Spain,') About the same time cara¬ 
way was praised as a medical agent by the abbess Hildegard.') 
As such it was introduced into the German medical treatises of 
the 12. and 13. centuries.") In England caraway was cultivated 
during the 13. century and used as a kitchen spice.'") 

') Troramsdorffs Neiics loiirn. dcr Hiami. 14, II. (1827), 134. 

■) l.iebis's Annalen (I (183.31, 301. 

’) Liebig's Annalen *2 (1830), 283. 

•) See also oil ol cumin on p. IbO. PHnii NaUmIk likluria: libn. 

I ib, XIX, cap. 8. Condimenlonim omnium slomadii laslidiis aimimim ami- 

iisshmim. .... 

••) Uaiab, 28:25 and 27, M,iltb., 23:23. - Dioscoridis, /Jc matena 
iiKilica lihri qiiimine- hditio Ruhn-Sprengcl. 1820. Vol. 1, p. 40b. - Hmii 
Natuialm hklorix lihri. Lib. XIX, 40. Editio litire. Vol. I, p. 7,Jb. 
Palladii Dc re ruatica. Lib. XII, p. 51. - Editio Nisard, ie.v agronomea lalms. 

Paris 1877. p. 48b. ^ 

") Edrisi, Oeacriptiim * rAlriqiK ft de llkpagne. Texts arahe am 
line traduction, par Dory and Dc Goeje. Leyden 1800. pp. 75, 07, PiO. 

’) Ibn-el-Baitar, liiami ei-muiridat. Translated by Sontheimer. 1840. 
Vol. 2, p. 308. - Leclerc’s translation. Vol. 3, pp. 104, 107, 108. Ibn-al- 
Awam, Lp/re d’agricnllure. Translated by CIOment-Mullet. 1804. Vol. 2, 
pp. 242 and 244. 

') Hildegardis Ahhatissa; StihtilHnlum dtvensarvm naturanmi crea- 
turarm lihri novem. Hditio Mifine. 1855. p. 1158. 

*) Pfeiffer Zwd deutsche Arzneibuclwr aas dem 12. und u. jahr- 
hundert. SiUungahericMe der kaia. Mead. derWiaaenachallen in Wien. 1803. 
p 14. (HJser, Geachichtc der Medkin. 1875. Vol. 1, p. 003.) 

■•) Meddygon Myddfai. Published at Llandovery. 1801. pp. 158, 354, - 
Rogers, History of Agriculture and Prices in England. 1870. Vol. 1, p. 031 
and Vol. 2, p. 543 -547. 
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In municipal spice ordinances, caraway is first mentioned 
in that of Brugge*) of 1304, It is also enumerated in that of 
Dan/ig-) of the middle of the 15. century. 

Bistilled oil of caraway is first mentioned in the price ordi¬ 
nance of Berlin of 1574, and that of Frankfurt of 1589, also in 
the 1589 edition of the Dispensatorium Noricum. 

OIL OF AjOWAN. 

Apparently ajowan“) was first brought to Europe in 1549,*) 
In 1693 it was used for medical purposes in London.') In 1773 
it is mentioned by Percival") of England. 

OIL OF ANISE. 

Anise is one of the spice plants known to, and used during, 
antiquity, ft is mentioned in the Vedas and in the Bible.*) The 
cultivation of ani.se in Egypt and in the Island of Crete is recorded 
in the writings of Uioscoridcs, Columella and Pliny;*) its medi¬ 
cinal use in those of Scribonius Largus, Marcellus Empiricus, 
and Alexander Trallianus. In the 4. century Palladius") gave 
directions for its cultivation. In 970 Asia Minor and the medi¬ 
terranean countries'") supplied ani.se, during the 12. century Spain 
also,") Trough his Capitulaw of 812 Charlemagne stimulated 

*) Warnkonic,///.sru/n'(/i‘/a //iim/rt'. I83ti. Vol.2, p. 512 and vol.4, p.44R. 

'I HiticU, Hiindi'/s-iiml (im crhsgesdikhle. LeipziR 1858. p.243. 

I riucki|>er and lt.anhiiry, Hharmacopraphia. London 1874. p. 503. 

*) AntmilLira, Svmplid Vinegia. 1581. p. 130. 

h S. Dale, Phiirnmnlogiii sen mamiducth ad Materiam medicam. 
London 1843. p. 211. 

*1 Essays, Medical and Experimental II. (1773), p. 228. 

') Malth., 23:23. In the English version the original Is translated as 
ani.se, whereas Luther transiates it with dill. Comp. p. 180, footnote 2. 

*) Dioscoridis De materia medica libri gaitiQiie. Editio Kuhn-Sprengcl. 
1824. Voi. I, p. 405. Columella; De re nistica in Hisard's Les agrtmomes 
latms. Paris 1877. Plinii NaUtralis historic tihri. Lib. XX, 72—73. 

"I Palladii De re rustica libri ,\IV. Lib. Ill, 14 and lib. IV, 4 In Misard's 
l.es agrvnomes latins. Paris 1877. pp. 584 and 583. 

'") Codes Vindobortensis, sive Abn Mansur Mowafic (Alherri) fleratensis 
iiberhmdamentarumPharmacoiogiae. EditioE.R.Seligmann. Wien 1854. p.2I. 

") Ibn-al-Awain, Livre d'agriailliire, translated by Cldment-Mullet 1884. 
Vol. 2, p. 244. 
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the cultivation of anise north of the Alps.’) In 1305 anise is 
enumerated among the dutiable spices in London,^) and toward 
the beginning of the 16. century anise and fennel were cultivated 
in England.”) 

On account of its property to solidify, distilled oil of anise 
has, no doubt, been noticed as long as anise has been used for 
the preparation of anise water. The distillation of the oil was, 
however, first described in the works of Hieronymus Brunschwig,') 
Ad. Loniccr,") Walter Ryff,") Conrad Gesner, ’) Hieronymus Kubeus *) 
and Porta.*) Valerius Cordus"') in 1540 called attention to the 
ready solidification of the oil. Nearly a century later Robert 
Boyle again described the “butter-like" solidification of anise oil.") 

In medical books and ordinances anise oil is first mentioned 
in the Ph;irniacofwea Augustana of 1580, the Dispensatorium 
Noricum of 1589, and the Berlin ordinance of Matthasous Flacco 
of 1574. 

The first accurate investigations of anise oil were under¬ 
taken by Th. de Saiissurc'”) in 1820, by Dumas’”) in 1833, by 
Blanchet and Sell") in 1^, by A. Cahours’”) in 1841, by 

') A. Tha-r, Oherset/ang mid F.rlSiitewng des "Otpitiilim". In Fuhlina's 
Landwirtschaftlichi: ZeitunR. Berlin. April number 1878, pp. 241- 260. 

’) R. Thomson, Chronicles of London liridpe. 1827. p. 156. 

') Boorde, Dyelary of hcith. 1542. - Reprinted for the Early EnRiish 
Text Society. London 1870. p. 284. 

') Hieronymus Bnmschwig, Liber dc arte deslillandi. De simpiidbm. 
Anno 1,500. fol. 45. 

*( See p. 49. 

“) Gualtheriis Ryff, New gross DestiHirhuch. Erankfurt-on-the-Main 
1.567. fol. 186. 

’) toonymiVbWiatr'xFinkiSstl.lheurerSchati. Zurich 1555 pp.227and201. 

') Hieronymi Rubei Liber de destillatione, in quo sliHalilioriim liqiiorum, 
qiii ad medicinam Laciuntnr, methodus ac vires cxplicantur. Basiliat 1581. 
Cap. 5, pp. 113 and 143. 

") Giov. Bapt. Portae liagia; naturaiis libri viginti. Roma: 1563. p. 379. 

'") Valerii Cordi De arti/idosis extradionibus liber. Editio Gesner. 
Argentorati 1.561. fol. 226. 

’’) R. Boyle, Historia Huiditatis, London 1661. p. 15. 

’’) Annal. de Chim. et Phys. II. IS (1820), 280i Schweigger's )oura. I. 
Chem. u. Phys. 91 (1820), 165. 

“I Liebig's Annalen (I (1833), 245. 

'•) Ibidem 6 (1833), 287. 

") Ibidem 41 (1842), 56; and M (1845), 177. 
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A. Laurent') and Gerhardt') in 1842. Gerhardt called the 
stcaroptene of anise oil anethol and Cahours again pointed 
out the identity of the stearoptenes of anise and fennel oils, 
previously recognized by Blancliet. ') 

OIL OF FENNEL. 

Fennel was known to the ancient Chinese, Indians and Egyp¬ 
tians who used it principally as kitchen spice. No mention is 
made of it in the translations of the Bible. It is frequently men¬ 
tioned, however, as a garden and medical plant in Roman literature 
at the beginning of the Christian era,') also in the treatises on 
medicine and distillation of the later middle ages.'’) During the 
latter period fennel appears to have been cultivated and used 
more extensively than anise. 

The oil of fennel has no doubt been known since the time 
of the preparation of the distilled waters. In the 16. century it 
appears to have been introduced along with fennel water as a 
remedy. Its preparation is described by Brunschwig") and by 

') I icl)ic’.s Annalcii 44 (t842), 318. 

') IMem 4t (18421, 318; .nnd 4s (1843), 234. ~ )ourn. f. prakt. Chem. 
311 (1843), 287 

') licbia's Annalen 41 (1842), 74. 

') Ttieophrasli, /.'ms/; ()/)c;.i qua; suiktsiiuI omnia. IJv causm plan- 
laiiim. edit. Wiimncr. Vol. VI, 10, 3, pp. 18, (8, OR, 101, 310. Dioscoridis, 
Df maleiia miqlic,i hhriqiiinqiie. Cditio Kiilin-SprenRel. 1820. Vol. I, pp.408, 
417. Columella. Dc re m.sht.i in Nlsard'.s U's agnmumes latms. Paris 1877. 
lih V. cap. 10. p. 30,'L Plinii ,V,i;«ra/;.s hixlorue /;Ar/.\XXVII. Lib. X.’C 95, 98. 
Ilditio I.Ittre. Vol. I. p. 334 and vol. It, p. 39. Palladii lie re rmtiica, Editio 
Nlsard, l.es agmmmex lalins. 1877. 1.18. III. 14, p. 588 and llh. XII, p. 488. 

■') Ctpituiare <le riliix el lorlis imperialibiis ,T/2. Translated .and ex¬ 
plained by A. Ttucr in l ilhling's l.and» Irlsclufliidie Zeitunp. April number 1878, 
pp. 241 280. Wal.afridi Strabonis Hortuimt. In Choulant's Macer Fivridus, 
tie viribus hetbarum. )8')2. p. 148. - Ibn-ai*Awam,/./ere ;/'apr/cu//;;re. trans- 
Lited by Clement Mullet. 1884. — Ibn-Uaitar. Sammiung dcr iiobsloltc. Editio 
1 cclerc, Trartg dex Simples. Paris 1881. Vol. II, p. 184. — Hildegardis Ahbalissx 
SubtUitatum di\ erxanini naUirarum creaturanm iibri rtovem. Editio Migne. 
18.55. tol. 1154 and 1158. Pfeitfer, Zwei deutsebe Arrneibdcber aus demt2. 
itnd 13. Librbundert. Sitrnngsber. der kais. .Akademie der Wmensch. m Wien. 
43 (188.1), 142. (tixseis Oexeincbte dcr idedicin. 1875. Vol. I, p. 883.) 

•) Hieronymus Brunsclmig. Liber de arte destillandi. be simpiicibus. 
l.5lV'. tol. 47. 
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Porta.') In the municipal ordinances of drugs and spices it is 
first mentioned in that of Berlin of 1574 and of Frankfurt-on-the- 
Main of 1582; also in the Pharmacopaa Auguslana of 1580 and 
the Dispensatorium Norkum of 1589. 

Early investigations of fennel oil were made in 1779 by Heyer") 
of Braunschweig, in 1792 by Gertinger") of Eperics in Hungary, 
and in 1793 by Gdttling of jena and by Gicse of Dorpat, Further 
observations, which like the above deal mainly with anethol, 
were made by Buchner') and by Goebel. Blanchet and Sell") 
recognized in 1833 the identity of the stearoptenes from fennel 
and anise oils. This observation was corroborated in 1842 by 
Cahours.") Wallach investigated fcnchonc, a body characteristic 
of fennel oil, and which possesses considerable theoretical interest 
on account of its similarity to camphor, 


OIL OF LOVAGE, 

As a kitchen spice, and possibly also for medicinal purposes, 
lovage was cultivated and used by the Romans.') Its cultivation 
north of the Alps was no doubt caused by Charlemagne's Capi- 
luhtv of 812. About the same time, the utility of the plant was 
praised by Walafricd Strabo and Maccr Floridus.') The German 
medical treatises of the middle ages, beginning with that of the 
abbess Hildegard of the 12. century, make mention of lovage 
under various, partly corrupted names. In the treatises on dis¬ 
tillation, the distillates of lovage are likewise mentioned.‘) 

Giov. Bap^st<e Ports Oc dcHtillationL' tibri (X. Roms 1563. p. 379. 

-I Crell’s Chem. joiirn. S (1780). i02. 

") Gottling’s AJmanach fur Scheldekilnstler und Apotheker 14 (1793), 149. 

^) Buchner's Repert. f. die Pharm. 1>) (1823), 163. 

■) Liebig’s Annalen 8 (1833), 287. 

") Liebig's Annalen 41 (1842), 74; and |oum. fur prakl Chcni. 24 (1841), 359, 

') Dioscoridis, materia medica libri quinque. Cditio Kuhn-Sprcngcl. 
1829. Vol. I, p. 400. Cotumcll® /Je re mstka Hbri XII. Lib, XII. 51. 
Meyer, Geschiebtt der Hotanik. 1855. Vol. 2, p. 74. 

') Waiafridi Strabonis Hortalv!>. In Choulant's Maccr Ploridus, De 
viribus herbanim ana cm Waiafridi Strabonis, Othonis Cremonensis et 
loannis Poicz carminibm simtik argamtnti. Lipsia* 1832. pp. 141 -156. — 
Meyer, Gcschichtc der Botanik. 1855. Vol. 3, p. 425. 

1 Hieron. Brunschwig, Liber de arte destiHandi. De simplkibus. 
1500. fol. 70. 
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The oil distilled from the root appears to have come into use 
about the middle of the 16. century. It is mentioned as Oleum 
levislid in the price ordinance of h'rankfurt-on-the-Main of 1587, 
and as Oleum l.iguslici in the 1589 edition of the Dispensatorium 
Norkum. 


Oil. OF AMCiELICA. 

Angelica appears to have first come into use as a spice 
plant during the 15. century,') and was no doubt first used for 
the preparation of the distilled angelica water, the preparation of 
which is described in Hrunschwig’s-) and in later treatises on dis¬ 
tillation. 

The di.stilled oil of the roots was not prepared until the se¬ 
cond half of the 16. century and is first mentioned in the price 
ordinance of Frankfurt in 1582 and in the Dis/tensatorium lio- 
rkum of 1589. 

Oil of angelica root was investigated by L. A. Buchner ') 
in 1842, by F. Bcilstein and E. Wiegand in 1882,^) by L. Naudin 
in 1883,'') and by G. Ciamician and B. Silber in 1896,") 

OIL OF ASA FOITIIM, 

Asan! or asa laiida was u.scd during antiquity as a spice and 
as a medicament. As such it is mentioned in Sanskrit and other 
writings, c. g. in the Susriita (Comp. p. 16). The Egyptians and 
Hebrews do not appear to have used it. According to Garcia 
(lx- aromalibus), the silphion of tbc Greeks, and the laserpitium 
of the Romans, are identical with asa Iwlida.') Among the 
later references it is first found in the writings of the Persian 

’) Valcrii Cordi Histona Jc phmtis. Lib. XI, cap. 135, fol. 158. 
f3uckli<er, Dokumentc lur ikaJudUc dvr Hmrmaziv. 187b. pp. 23, 46, 54, 
63, 72, 83, 85. Petri Andrea* .Matthioli Commvntarii in svx Uhros Ped. 
Dioscorldis,/>c ma/er/a mod/ta. Vcncti 1554. fol. 116*5. 

-') Hieronymus Urunschwig, Lihvr dv artv deatUkndi. De simpHcibas. 
1500. fol. 20. 

“) Buchner's Report, f. d. Pharm. 78 0842), 167. 

n Bcrl. Berichtc 15 (1882), 1741. 

") Bull. Soc. chim. II. »» 0883). 114. 

") Berl. Berichte 2» 08*56), 1181. 

) Sigismund, Oic Aromata. Leipzig 1884. p. 45. 
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geographer Istachri*) of the 10. century, and those of the Sicilian 
geographer Edrisi-) of the 12. century. It is also mentioned as 
medicament in the writings of Ibn Baitar*) of the 11. century, and 
of Platearius*) of the 12. century. In a tariff list of Pisa of 1305 
asa icetida is mentioned as an article that is imported from 
Aden via the Red Sea and Meditteranean route.’) its geographic 
source and botanical origin were first ascertained in 1684-1685 
by Adalbert Kaimpfer*) of Lemgo. 

In the mediaeval treatises on distillation, asa hetida is not 
used by itself, but as an ingredient in the distillation of spiri¬ 
tuous balsams.’) The volatile oil of asa Imtida is apparently 
first mentioned in the price ordinance of Strassburg of 1685. 

OIL OP GALBANUM. 

Oriential people, among them the Israelitis, first u.sed gal- 
banum in incense offerings and for fumigations.') It was known 
to Theophrastus*) and Virgil.'”) Dioscorides") and Pliny*’) 

') Istachri, liucb der Under. Translated by Mordtmann. Hamburg 
1745. 

*} Geograplw dTdrisi, translated by A, jauhert, Vol. I (1836), p, 450. 
Meyer, (mebkhte der Botanik, 1856, Voi. 3, p. 2d8. 

Ibn Baltar, Truik des Simples. In Notices et extraits des Nmh 
scripts de la BibHothbque nationalc. Paris. Vol, I, p. 447. Leclerc, 
Histoire de la m^ecine arabc. Paris 1874. Vol. l,p.553. 

') Matth. Platearius, Liber de simpli medkina. (Orca instms.) In 
L. Choulant, Handbiicb der liuclierkunde fur die ditere Medizin. Leipzig 
1841. p.m 

'■) Bonaini, ^atuti inediti della alia di Pisa. 1857. Vol. 3, p. t06. 

“) Kicmpfer, Arrusnitatum exotkariim fasciculi etc. Lemgovia? 1712. 
p. 535- 552. 

’I Conrad Gesner, Andcrer Theil des Scliatzes Euonymi von aller- 
hand kunstHchen und bewerten Olen etc. Published by Caspar Wolff. Zurich 
1583. fol.lb3. 

") F.xodus, 30:34. — Ecclesiaslicus, 24:21, 

") Theophrasti Historia plantanim. Lib. IX. Cap. 1 and 2. 

“) Virgilii Georgies. Lib. III. p. 415. 

Disce et odoratam stabalis accendere cedrum, 

Galbaneoque agitare gravi nidore cbefydros. 

") Dioscoridis De Materia medka tibri. Lib. Ill, 87. Editio Kuhn- 
Sprengel. m Vol. I, p. 437, 

PHnii Naturalis historiae libri. Lib. Xll. Cap. ^ and 56; ^d Ub. XXIV. 
Cap. 5 and 13. 
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mention Syria as its source. In 176 A. D. galbanum was one 
of the dutiable Indian spices passing through Alexandria.') 

During the middle ages galbanum is enumerated but spar¬ 
ingly in literature. It is one of the spices enumerated as being 
in possession of King jamcs of France while a prisoner in 
England.-) In 1603 it is mentioned as one of the articles of 
commerce between Venice and London,") and again in 1581 in 
one of the French tariff lists.') However, in medical literature 
of the early middle ages, also in Arabian literature, galbanum is 
frequently mentioned both as spice and as medicament. 

Distilled oil of galbanum was prepared by Walter Ryff,") by 
Conrad Gesner,") and by Hieronymus Rubeus.') It was included 
in the 1589 edition of the Dispensatorium Noricum and in the 
Pharmaco/xva Augustana of 1580, and was mentioned in apo¬ 
thecary and spice ordinances about 1560. Early cursory investi¬ 
gations of the oil were made by Caspar Neumann') about 1728, 
by Walter") in Leipzig about 1744, by Fiddichow"') in 1815, and by 
W. Meissner") in 1816. 


OIL OF GUM AMMONIAC. 

The air-hardened gumresin of Dorvma ammoniacum, Don. 
(Peuevdanum aimmmiacum, H. Haillon) and of several species 
of /'vrula, produced by the puncture of insects, was used during 
antiquity for incense, for embalming and, in all probability, for 


■) Vincent, Commerce mid Ndvigatiim o! the Ancients in the Indian 
Ocean. london 1807. p. W2. - Meyer, Geschichte dec Hotanik. 1855. 
Vol, 2, p. 187, 

') Douet d'Arcq, Comptes de fArgentcrie des mis de f-'rance. 1851. p. 238. 
") Hasi, Tarif/a de 1‘esi e liisnre. Venetia-1503. fol. 204. 

*) Vontanon, edicts etOrdnnnancesdes rvisdel-'rance. 1585. Vol.2,p.388. 
•■■) Gua\thems9yn,Ne\egrns.\l)estilhrhuch. 1545. loI.179. Seealsop.48. 
•) See p.53. Eiionymus Pliiliatriis, Cm kOstlicher theurer Schatz. 
1555 p. 2,37. 

4 Hieronymi Hubei, Liber de destiilatione. Basili* 1581. Cap. 5, p. 148, 
) Caspar Neumann, thymia medica dogmatico-experimentalis. Lditto 
Kessel. 174>l. p.422. Immcrmam.Pr.rlectmneschemiae. Berlin 1740. p.853. 

") A. P. W’.»lthcr, lie oleis vegetahihum esscntialibiis. Oissertatio. 
Lipsi® 174,5. 

'“I Berl. lahrbuch der Hiarm. ISlft, 230. 

"I Irommsdorfl's Nciies |ouni. der Pliann. 1, I. (1817), 3. 
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medicinal purposes as well. In ancient literature both the plant 
and the gumresin are mentioned repeatedly. Both Dioscorides') 
and Pliny -) mention that the gumresin was named after that of 
the temple of jupiter Ammon in the Libyan desert in the neigh¬ 
borhood of which it was produced. Dioscorides’ description seems 
to harmonize with that of Ferula marmarica, Aschers et Taub., 
found in Barka (Cyrenaica). Later the African gumresin was 
replaced by that from Dorema ammoniacum, Don. Hence the 
translators of Dioscorides into Arabian, some of whom were 
Persians, erroneously applied the Persian name Uschaq also to 
the African gumresin.") One of the earliest mentions of ammo¬ 
niac is to be found in an Alexandrian tariff list for Indian goods, 
which was compiled during the years 176 to 180 A. D. under 
the emperors Marcus Aurelius and Commodorus.*) Persian ammo¬ 
niac is mentioned as medicament under the Persian name Uschaq 
during the 10. and II. centuries in the writings of the physicians 
Isaac Judaeus*) and Alhervi in Bochara.”) Other ancient medical 
trc.'itises, among them those of Scribonus Largus, Alexander 
Trallianus, and others, mention the gumresin as a current drug. 

The oil of gum ammoniac was distilled by Walter Ryff,’) Val. 
Cordus, and Conrad Gesner.") It is included in the Prankfurt tax 
for the year 1587, and in the Dispensatorium Noricum of 1589. 

The earlier investigations were made by Buchholz") of Erfurt 
in 1808, by Calmeyer'") of Hamburg in 1808, by H. Braconnot") 
in 1809, and by Hagen'-) of Konigsberg in 1814, 

') Dloscoridis De materm maHat lihri quinqae. Edido Kuhn-Sprcngel. 
1)0). Vol. I, p.43d, 

') Hlinii Naturalis historise lihri. Liber XII, cap. 25. 

") 0. Stapf, Kew Bull, IINR (No. 10), 570. Report of Schimrael 6 COj, 
April lilOS, U. 

') Meyer, Geschidite der Botanik. 1855. Vol. 2, p. 167. 

'I Isaac! judaci Opera omnia. Lugduni 1515. Lib. 11. Cap. 44. In 
Choulant's Haiidhiich der BScherkiinde fur die dltere Medicin. Leipzia 1841. 

“) F. R. Seligmann, Codex Vindohonensis. Lihcr hmdamentomm Phar- 
niacologix. 1810. p. 35. 

') GualtherusRyff,yYe»'an>.wiflesW//>6«cA. l567.foLI77b. Seealsop,46. 

') See p. 53. Euonymi Philiatri Ein kosilieher Iheiirer Schatz. 1555. p. 237. 

'') Buchholz, Taschenbuch fur Scheidekunstler und Apotheker IbOS, 170. 

*“) Trommsdorff's |ourn. der Hharm. 17, 11. (1808), 82. 

") Ann.de Chim. Oh (1808). - Trommsdorff’s |oum. d. Pharm. IH, 1. (1809), 202. 

'•) Berl. lahrbuch der Pharm. 1815, 95. 
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OIL OF DILL. 

Dill was known during antiquity.') With other kitchen spices 
the dill plant is mentioned in Sanskrit literature, and in the Bible.*) 
Like that ol fennel, anise, and caraway, its cultivation was early 
extended over the countries of Europe. It was cultivated in 
England as early as the 10. century.") 

In the treatises on distillation of the 15. and 16. centuries 
the distillation of dill is mentioned frequently.*) In German drug 
and spice ordinances dill oil is first mentioned in that of Frankfurt- 
on-lhc-Main of 1587. 

OIL OF WINTERGREEN. 

The distillation of oil of wintergreen") was probably begun 
in the first decades ot last century along with that of sassafras 
bark (p. 120) and birch bark (p. 118) in the states of Pennsylvania, 
New jersey and Mew York. At first these aromatics were used 
lor chewing, later for the preparation of refreshing beverages 
and home remedies, and especially for the much used, socalled 
blood purifiers. After the production of these volatile oils had 
been made a success they were often used instead of the 
aqueous extracts of the drugs. This use is of considerable 
importance to the history of the introduction of wintergreen and 

') Uioscoridis be iiutaui medka libri quimiue. Editio Kuhn-Sprengel. 
ISi'd. Vol. I, p.40r). 

I Matih., 2.1:23. In EiiRlish translations ol the Bible, since the days 
ol Wycklil |tJ80|, the Greek andm has been translated as anise. Luther 
translates it more correctly as dill, which is always meant in Greece when 
liiijttn is used. (lAnfiinel tiolam'li da spalm'ii Onecheii. Berlin 1800. p. 3d.) 

■') Herkiiiiiin Apuhn. In Leechdoms, Wortciinnins and Starcraft of 
early England, edited by Cockayne. London 1804. Vol. 1, pp. 21d, 235, 237, 
281, 283. ~ Popular names of BritLsh plants. London 1870. 

*) Hieronymus Brunschwig, Liber de arte destillandi. 1500. Fol. 40. 

') Upon the suggestion of Kalm, after his return to Sweden, Linne named 
the plant Uaiiltberia proaimbetts in honor of Dr. Gaulthier, a French physician 
and hot,mist in Quebec, whom Kalm had met in 1748. Kalm, who had obuined 
herbarium specimens of the plant from |ohn Bartram of Philadelphia, with 
the Litter regarded it as a species of Trientalis. (Peter Kalms Heise nach 
dem niirdlichen Nordamerika im Jahre 17-fS—17-19. Gottingen 1754. Vol. 3, 
pp. 283, 421, 477, 515 and 533.1 
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sassafras oils, in as much as both of these were used as popular 
remedies (socalled patent medicines) in the United States since 
the beginning of last century. The preparation and use of these 
remedies soon became general, and with it came a greater demand 
for these oils. Wintergrecn oil was especially in demand for the 
preparation of one of the oldest popular remedies in the United 
States, namely Swaim’s Panacea,') introduced in 1815, which at 
that time had an enormous sale and in the efficiency of which 
great confidence was placed. 

Wintergrecn oil does not appear to have been used for 
other purposes at that time. The first mention of it in literature 
is found in a botanical work published in 1818 by Bigelow,=) a 
physician of Boston. In it, gaultheria oil is mentioned as a staple 
article of the drug stores. He further states that this oil occurs 
also in Spirxa ulmaria, the root of Spirxa lobala, and espe¬ 
cially in the bark of Hetula knta. In pharmacopa-ias, the oil 
was first taken up in that of the United Slates of 1820. The 
medicinal use of the oil, however, did not become general until 
1827, when the New York Medical Society made known its use 
in the preparation of the popular specific mentioned above.") 

Although the similarity of the volatile oil from Gaultheria 
procumbens, L., to that from the bark of lielula knta, L., was 
known before 1818,") the identity of their principal constituent 
was shown scientifically in 1842 by Wm. Procter jr.') of Phila¬ 
delphia and in 1844 by A. A. Th. Cahours") of Paris. From that 
time on the oil was no longer distilled exclusively from winter- 
green, but often from this together with birch bark, or only from 
the latter. The oil came more and more into u.sc as an aromatic 
for pharmaceutical and cosmetic preparations, for beverages and 

‘) This remedy was an imitation of the Rob dc Utfecteur, a secret 
remedy exploited with great success by the Parisian apothecary Boiveau at 
the beginning of the last century. Swaim, a bookdealer in Philadelphia, had 
been cured by this remedy. He succeeded in securing the formula, and 
after substituting gaultheria oil for sassafras oil, he introduced it into com¬ 
merce. (Pharm. Review lf> [1898], 179.) 

*) lacob Bigelow, American Medical Botany. Boston 1818. Vol. 2, p. 28. 

') Pharm. Review 16 (1898), 179. - Americ. |ourn. Pharm. » (1831), 199. 

•) Americ. )oum. Pharm. II (1842), 211. — Liebig's Annalen 4S (1843), 66. 

'■) Annal. de Chim. et Phyti. III. 10 (1844), 327-358 and Liebig’s Annalen 
48 (1843), 60; .52 (1844), 327. 
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medicinal remedies,') and thus became an important article of 
commerce. 

As artificial oil of wintergreen, methyl salicylate has been 
produced on a commercial .scale by Schimmel 8 Co. since 1886. It 
was made officinal in the 1890 edition of the U. S. Pharmacopoeia. 

OIL OF ROSEMARY. 

Rosemary was greatly esteemed by the Greeks and Romans,'-) 
and also by the Arabians.") Like the laurel, rosemary was 
employed by the former as a decorative plant in religious rites 
and in hero cult, in as much as the plant was not used for 
medicinal or other practical purposes, rosemary was given but 
little attention in midaival literature. However, it received 
prominent mention in the Qipilul.uc of Charlemagne of 812; 
among the seventy-three economic plants recommended therein 
also in the drug inventory of Platcarius') of the 12. century. 

The first mention of the distillation of rosemary is found in 
the writings of Arnoldus Villanovus') of the 13. century. He 
distilled, probably for medicinal purpo.scs, turpentine oil and 
rosemary oil. An alcoholic distillate of both oils or of rosemary 
only was in use for centuries as the first popular perfume under 
the name of Hungarian water.") The distillation of the oil is 
described more fully hy Raimund Lullus,') a disciple of Villanovus. 

') Mew York Medical Record H 0882), SOf;. — Squibb’s Upbemcris 
(Mew York) 3 08«J2), djO. 

’) Dioscoridis Dv matcrin mvdica lihri (fiihu^ut. Editio Kuhn-Sprengel. 
182^. p. 424. 

'*) Ibn el Baitar, Liber magnx coUectionis simpHdum alimcntonim et 
mcdicamentorurn. Translated by )os. Sontheimer. Stuttgart 1840. Vol. 1, p. 73. 

*) Matthxi l^latearii Liber dv stmpbei medicina. In Choulant's Hand- 
biicb der Hucberkmide fur die altere Medizin etc. Leipzig 1841. p. 229. 

') AmoldiVillanovi(>ptT.?«/nn/V(. Cap.Z>er/Vr/s. Venetil595. p.58dto590. 

“) Pp. 30 and 86. — Sapata, MirabUia seu aecreta medico-cbinirgi per 
D. Spleissium. Dim 16%. p, 44, 

’) Pustguam sirtgufortim individuowm dictorum hntissimo igne aqus 
de$tillatx fuerit, amoto priori recipivnte aquairt destillatam optime ocefu- 
sam xervabis et annexo aitero recipiente augebis iguem ut deinde destUht 
oleum cu/tmque, quod proiicias. quia nihil valet, excepto eo quod e rore 
marinn extraxeris, quod servabis, cum in se aliquid virtutis contineat — 
Raimundi Lulii Experimenta novissima. In Magnet's Bibliotheca chemica 
cuuosa. Genev;ie 1702. Vol. I, fol. 824. 
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Oil of rosemary was a much used oil in the middle ages, 
and is often mentioned in the writings of that period. It is 
described in the index of the Compendium of Saladin') at the 
end of the 15. century and in the works of Brunschwig,’) Ryff,*) 
Gesner,*) Porta,*) and others, and is mentioned in drug and spice 
ordinances of the 15. century. In several of the treatises on 
distillation, and in medical works of the 14. and 15. centuries, an 
empyreumatic oil of rosemary is also mentioned.") 

One of the first investigations of rosemary oil was made in 
1720 by the Parisian apothecary Cl. J. Geoffrey.’) A century later 
it was more fully investigated by Th. de Saussure,') and in 1837 
by Kane.’) In 1734 Cartheuser”) determined the yield of oil. 

The so-called rosemary camphor was first noticed in 1685 
by )oh. Kunkel “) of Berlin, and a century later (1785) by Arezula'*) 
of Cadiz. Proust”) prepared it in 1800. 

OILS OF LAVENDER AND SPIKE. 

Originally the oily distillates from the several species of 
lavender were all designated spike oil. It was not until the close 

') Saladini Asculani Compendium ammatariarum. Vend. 1488. Index. 

’) See p. 39 and 47. 

’) Gualthenis Ryff, New gross Destillirbiich. 154,3. p. 186. 

') Page 52. - Euonymi Ptiiliatri Eio kOsllkher theurer Schali. 1555. 
pp, 226, 249, 273. 

*) \eii.^pl.VorixNagisenaturalislib.vigmti. UherdedestiHatione. p.385. 

*) Christ. Lindner, fle oteis destillalis empyreiimaticis, DisserUtio, 
Prancofurti ad Viadrum. 1744. 

’) Mbmoires de I'Acadimie des sciences de Paris, 1721. p. 163. 

") Annales de Chim. et de Phys. 11. 18 (1820), 278. 

“) Transact ol the Royal Irish Acad. 18, 135. — loutn. I. prakt Chem. 
15 (1838), 156. 

") Fr. Cartheuser, Elements Cbymise dogmatico-esperimenta/is, una 
cum synopsi Materias mediae selections. Hals 1736. II. p. 83 and 106. 

'*) )oh. Kunkel, Probierstein. FSnl curiose cbymiscbe Tractatlein nebst 
einer Vorrede. Frankfurt-on-the-Oder and Leipzig 1721. p. 397. “HeingnSdig- 
ster Nurlurst bat mir einsten des alten verstorbenen ThurnhSusers Apothek 
geschenkt, darinne noeb viele Olea destillata seynd, die noeb so triseb, als 
wenn sie diese Stand destilliret wSren. Damnter ist ein Glislein mit oleo 
Anthos, darinne ein Sal angesebossen ist,” 

'*) Page 74. - Arezula, Pesultado de las esperiencias beebas sobre el 
alcanlor de Murcia con licencia, Segovia 1789. p. 8. 

”) TrommsdorfFs )oum. der Pharm. 8, II, (1800), 221. 
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of the 16. century that a distinction was made between spike oil 
and lavender oil.') 

In all probability, Uvanduh Stcechas, L, which is indigenus 
to the Mediterranean coast lands, and which is characterized by 
its aromatic violet-red inflorescence, was first used in the dis¬ 
tillation of spike oil. 

The spike or stcechas oil-) mentioned in the writings of 
Dioscoridis,") Pliny,') Scribonius Largus,") and their con¬ 
temporaries was, in all probability, only an aromatized fatty 
oil, like rose, spikenard and other aromatic oils used during 
antiquity,") 

It is not at all improbable that the Phoceans, Greek colo¬ 
nists from Asia Minor, who about 600 B. C. colonized the coast 
of the Bay of Lyons and founded Marseille, brought with them 
Livanduh Std'clias as well as other native plants and in¬ 
troduced them into southern Prance, whence they soon spread 
over Spain. Apparently the L Slwchas was used together 
with the .spike (L Spica) during the middle ages, whereas 
lawndula vera and Liwndula latilolia') were used later. 
Indeed, the name Lavandula had its origin in Italy during the 
later middle ages. 

Spike, occasionally designated narde, was used during the 
early middle ages by the physicians of the Alexandrian School. 
In turopcan medical treatises we find it recommended by the 

‘1 I. dc CiinRins-l aiLsiiraz, Hislom des Ldrmdes. Geneva and Paris 1826. 
llccause of the supposed similarity in odor, Ijivandula SIvl'cHus, which 
was used diirinc antiquity, was confounded with Nardoslacdys jataminsi, D. C., 
the rhizome of which was likewise prized as a .spice and as an Incense. The 
l,ttter was named Nardiis indka, the former Spka Nardi. During the middle 
ages, the former was also designated Nardus dalka and JSardm t-etlka. In 
the pharmacopnias the flowers of this plant were known as Flores skechados 
arahkx. (Dmerarius, Hortns medicos et phikmphkus. Francofurti 1588. 
p. 164.) See also Nardostachys. 

'') Dioscoridis, be materia medics libn qoinqoe. fiditio Kuhn-Sprengel. 
182». Vol. I, pp. 15, 17, 35, 40, 62, 508, 542. 

') Plinii Natiiralis bistorix libri X.XXVIl. 

') Scribonii Largi Compositiooes medicamentorum. Editio Helmreich. 
Leipzig 1887. p. 72. -- Meyer, Gcscbichte der Botaoik. 1855. Vol. I, p. 33. 

“) See p. 37, 137 and 105. 

5 KPiMeiam, Liberdesimplicimedkina. (Circainstans.) InChoulant, 
Handbucb der Biicherkunde fiir die Sitert Meditin. 2.ed. Leipzigl84l. p.290. 
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Abbess Hildegard’) for the preparation of an eye remedy. As 
early as the 14. century, spike as well as narde flowers were used 
for filling pillows for healthy persons as well as the sick.-) Brun- 
schwig refers to spike as to a universally known plant.-') 

The distilled spike or spikenard oil was probably known in 
the 15. century. As Oleum de Spica from the Provence,') it is 
the only distilled oil, besides cedar (turpentine) oil, mentioned 
by Hieronymus Brunschwig in his Deslillirbuch of 1500. Saladin 
also mentioned spikenard oil at the end of the 15. century.*) 

In his Dispensatorium Norkum of 1543 Valerius Cordus 
mentioned only three distilled oils; turpentine oil, juniper oil and 
spike oil.") Ryff described in his treatise on distillation, published 
somewhat earlier, the distillation of "Spik und anderen lurncmen 
Glen", and added the statement that, “dasSpiken- Oder hvendcliil 
gemevgkiich aus der Provinz Frankrekh pebracht wird in 
klcincn glasslin eingefassl und theuer verkaufll".') In the 
16. century the several species of lavender were cultivated in 
Germany') and in England.") 

Conrad Gesner used the name spike oil only and described 
the distillation of the spike blossoms,"’) whereas Giovanni 

') Hildcgardi.s Abbatkw Suhtihlatum divorsamm naliiraram, creatur- 
aium lihri novem, Editio Migne. 1855. pp. 1140 and 1143. 

I Douet d'Arcq, Comptes dc I'Arueiiterk des mis dc I ranee. 1874. 
Vol.2, p. 148. 

*1 Hieronymus Brunschwif!, Liber de arte dcsiillandi. De simplicibiis. 
liMO. fol.72. 

') Ibidem fol. 72. - See p. 30. 

') Saladini Cnmpcndiam aromatariorum. VeneL 1488. Index. 

') Dispensatorium Nuricum. Aiitore Valerio Cordo. Editio Paris 1548. 
p. 430. lix majori lavendula qme spica vocatnr, apud nos majoribus sumpti- 
bus fit quam in Gallia Narbonensi, idea potius emendnm est a mercatoribtis 
qni Hind e Gallia afferunt. 

'•) Gualtherus Ryff, New gross Destillirbucb. fol. 186. Compare 
.also p. 4b. 

') Conrad Gesner, De hortis Germania: liber recens. Argentorati 1561. 
fol. 264. 

*) Meddygon Myddfai. Edit. |ohn Pughe. Llandovery 1861. p. 287. 

'") „Die BWmlein der Spiken oder des Lavenders salt da eine kune 
seyt lang sonnen in einer grossen glksineu retorte und darnach ein wasser 
in einem Alembik darvonnen deslilliren und ahziehen. Dieses Wasser durch 
den gamen Sommer gesetzt an eine warme statt an die Sonnen so treybt 
liir und fur 01 nber sich, welches Ol du aiiwSgen suit von dem wasser 
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Baptista Porta,') at the end of the 16. century, described also 
the distillation of lavender blossoms and especially emphasized 
the superiority of the oil from the French lavender. 

An interesting description of the preparation of the French 
spike or lavender oil is contained in a treatise published in 1773 
by )oh. Frances Demachy,*) who was director of the laboratories 
of the Paris municipal hospitals. In its essential features this 
description corresponds with that quoted an p. 48. 

svfktnvrvn imd nhsundcrn mit einem fadcrlin und dasseihe fleiyssig hehal im 
mvr glSaincn gatteren (f 'laschc) wohl vcnnachct tmd verstopht." Thesath 
rus f-iionymi Wiiliatrl Urn kOstlicher thvtiror Sdmtz. Zurich 1555. p. 222. 

') G. U. delU Porta, Magia: naturalis iihri viginti. Liber de destU- 
latioiie. Roma-1507. fol. 87. .. c spka fragnmtior exdpitar, cat ilfud 

qm)d ex (iaitia provenii." — Ibidem p. 54 and 78: "tanta odoris fragrantia 
at omnes flares odoris jiwunditdte provacet" 

') J)icses ()!, wvldii's fast ebenso gemein ist, als das TeriKntindf, 
nut dem vs fast alte Sebriftstelicr vvrwcdisvln, oder in Verdadit gesfanden 
liahvn, es werdv damit vvifalscht, wird auf fn'iem Pclde van Sebafern and 
andvrvn ffirten in Langncdoc and Pnn'vnce verfertigt." 

.M'nn die Gattang Lavendvl, wilder Lavendel odei Aspic genannt, 
wvli'hvr auf tidgein und Wiesvn divscr Pravinrvn liaufig wdchst, in DIute 
ist, gvhen die Schafer zur Stadt am bei den Kanflenten, die mit dem Ofe 
bandetn, vine gnme kupfernc Hlase and verzinntem Mute, und einem ehvas 
hahen DreifnG /.a bolen. Sie lagern sidt in einer Wiese neben einem Badie 
und destilliren das SpikOl folgvnder GesUlt. Sie sebneiden die hluhenden 
Spitien der Spike ah, ffillcn die Hlase damit, gidien W'asscr hinzu, setzen 
den Hut didit ant, z.undvn mit tnK'kenen lyrautern ein gates f 'eaer unter 
dem hreifass, and fangen in viner g/vssen glascrnen Plascbe dasjenige auf, 
was strahlings lieruber lault. Wcmi sic beruber gezogen baben, was die 
firfabrang ilwen gefehrt bat, wieviel die Ladang einer Blase giebt, so ieeren 
sie sie aas, fallen nut frischen Hlumen und fangen wieder an zu destillieren. 
Sie tan dies von Ort za Ort hts die IHiitezeit voruber ist. Sic fallen das 
abgesonderte 0/ in lederne ScbISudie. Wenn der Sommer voruber ist, 
kommen die Destillateure za Stadt, ilberliefem ibren Apparat dem Eigem 
turner und verkaufen ibm za schr mUssigem Preise die Frucht ihrerNebem 
standvn. welcher rciner Profit far sie i.Ht. Sie lassen zuweiien ahskhtHcb 
im Ole, was man ibnen fur Ol bezalden wiirde, wenn man niebt die 
Vorsiebt brauebte, die Sdiliudic cinige Tage aufgerichtet fiegen zu lassen, ehe 
man das Ol aasfullt; fiffnet man nun, so kommt dasWasser zuerst heraus“ 
„Dieses Ol ist im Geruche niebt eins der feinsten, dennoeb aber vom 
Tvrpentindle durcb eine gelblicbe Earbe and seinen Lavendelgeruch ver- 
schieden. Die FimiBrnaier brauchen vie! davon." 

). F. Dcmachy, Z'art do dM/zV/a/w/r des eau* fortes. Paris 1773. German 
edition iaborant im Grosser! by Sam. Hahnemann. Leipzig 1784. Vo). 1, p. 250. 
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In medical works Oleum spies was mentioned as early 
as the 14. century.*) In was included in the first edition of the 
Dispensatorium Noricum of 1543. Oleum lavanduls is also 
mentioned, together with spike and other essential oils, in the 1589 
edition. The Pharmacopcea Augustana of Occo, contains up to 
1613 only Oleum spies; from that date on also Oleum lavanduls. 

Spike oil is mentioned in the oldest drug and price ordi¬ 
nances of German cities; Oleum lavanduls, however, is not 
found until 1582 in the Frankfurt ordinance.*) 

The statements of Demachy and other writers of his time 
agree with the assertions of later authors, that the spike oil 
found in commerce in the 18. century was probably only a dis¬ 
tillate or mixture of turpentine and lavender oils.*) 

The yield of oil from the distillation of spike and lavender 
blossoms appears to have been first mentioned by W. Lewis,*) 
also by Fricdr. Cartheuser.*) The so-called “lavender camphor" 
was observed in 1785 by Arezula,") and in 1800 by Proust. 
The first investigations of lavender oil were made by Saussurc.*) 


OIL OF SAGE. 


Sage appears to have been used as a medicinal herb at the 
time of the Romans") and was one of the plants recommended by 
Charlemagne for cultivation.*) In the "Destillirbuch by Brun- 
•schwig of 1500 a distinction is made between large and small .sage'“) 

') Pfeiffer, Zwei deutsche Anneihucher dea 12. and 1.1. Jahritunderts. 
In SitzmgshcricMe der Wiener Mod. der Wissensch. 1S<«. Vol. 42, p. 124. 

*) Register alier apothekischen Simpiicicn und Compositen, so in den 
h-iden Hessen in Franklnrta.l1. dnrch die tlateriaiisten, Hanltleut, Wurac/- 
trager, KrMler, anch dnrch die Apotheker daselhst verkanlit werien 1^. 

•) DuW,CommentarzurPharmacoposaBomssica.'i.ei. 1833.Vol.1,p.t)4J. 

*) Wm. Lewis, The new Dispensatory. London 1746. , 

*) F. Cartheuser, Flementa chymica dogmatico-csperimentalis. Hate 


1736. Vol. 2, pp. 133 and 144. . , , a. 

") Arezula, Resnitado de las experiencias htchas sobre alcantar de 

Mnrcia non licencia. Segovia 1789. 

b Annal. de Chim. et Ptiys. 4 (1790), 318; 1* (1792), 273; 49 0^). '»• 

•) TheophrastiW/sfor/ap/ante/wm. Lib.VI,cap.Z-D;osc»r,d,s&/nafena 

medicalibriquingue. EditioKOhn-Sprengel 1829. Vol. I, P-f' 

*) Capitnlare de viltis et cords imperialibns. Anno 812. Translated ^ 
explained inFuhling'sLandwirtschaftl.Zeitung. April nuinber l878. pM^ 'o^- 
•«) Brunschwig, Uber de arte destillandi. De simpiKibus. 1500. fol. 103. 
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for the distillation of sage water. Furthermore a species of 
Eupatorium, the Kunigundcnkraut, is referred to as wild sage 
and directed to be distilled.') 

The distilled oil of sage") is first mentioned in the price 
ordinances of Worms of 1582, and of Frankfurt of 1587. It is 
also included in the 1589 edition of the Dispensatorium Noricum. 
In 1688, the distillation of the oil was described by Begnini.®) 
The yield of oil from the leaves was determined by Wedel') in 
1715 also by Fricdr.Cartheuser®) about 1732. In t720Cl.).Geoffroy 
observed a stearoptene which had crystallized from the oil, and 
which he termed sage camphor.”) The same substance was again 
observed by Arezula') of Cadiz in 1789 and described by him. 

The first examination of the leaves appears to have been 
made by lllisch') of Riga in 1810; whereas the oil was investigated 
by Hcrberger") in 1829 and by Fr. Rochlcder"’) in 1841. 

OIL OF HALM. 

On account of its fragrance, balm was cultivated by the 
Greeks, Romans, and Arabs,") and during the middle ages in 
Italy, Germany") and Scandinavia.'") 

Liber dv artv desti/Lwdi. De aimpl/dbus. 1500. fol. tl7. 

■) Sec p. .'13, 

') Johaniijs Bcfinini Tyrucyniiim chymiaim. In )oh. Hartmannii Opera 
ormm mvdico-diymka coiigvi^ta atqite pliiribus aucta a Conrado Johrenio. 
Irancofiirti ad Ma*num. Vol. Ill, p. 27, 

') Wcdcl, Oissvrtatm dc Salvia. )cnii‘ 1715. 

'’) Cartlieuser, lllemcnta chymiiL' donmatkO'eKperimentalh, una aim 
synopsi flatcmv mediae se/ectioris. Halit 1736. Vol. 2, p. 87. 

'“) M6niiiires dc I'Acaddmic loyale des sciences de Paris. 1721. p. 163. 

Areziila, pcsultado dc ias expcriencias bechas sobre d alcanfor dc 
Murcia con iiceiicia. Seftovia I78d, p. 8. 

') Trommsdorff's |oiim. der Pharm. II. (1811), 7. 

”) Buchner's Repert. f. d. Pharm. 84 (1830), 131. 

*") Liebig’s Annalen 44 (1842), 4. 

") Dioscoridis materia medica libri qiiinqne. Cditio Kuhn-Sprengel. 
1820, p. 433. Plalearius, Circa instnns. Editio Choutant. 1841. Vol. I, p.2W. - 
Macer Eloridu.s, Ik* viribiis herharum etc, 1832. EdItIo Choulant, p. 64. — 
PHnii Natiiralis bistorhT libri 37. Lib. XX, 45; Lib. XXI, 86. Editio Littr^, 1877. 
Vol. 2, p. 18 and 66. ■ Varro, De agriculUira, Lib. HI, 16. Editio Hisard, 
p. 140. — Meyer, Gesebiebte der Hotanik. Vol. 1, p. 362. 

'*) Conradi Gesneri Z)e//or//5 German/s//6er rece/rs. 1561. Fol. 267b. 

*’) Henrik Harpestreng, Danske ixgebok. Copenhagen 1826, p. 118. 
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During the period of distilled waters, from the 15. to the 
17. centuries, balm water was a current article. Oil of balm 
appears to have come into use about the middle of the 16. century. 
It is first mentioned in the ordinance of Frankfurt-on-the-Main 
for 1582 and in the Dispensatorium Noricum of 1589. 

Comparable to the distillate from rosemary of the 16. century, 
which was the precursor of the Em de Cologne of the 18. and 
19. centuries, the fragrant distillate from balm, lemon peel and 
lavender of the 17. century developed later into a very popular 
perfume. It was first prepared by the Carmelite monks of Paris 
in 1611 and became famous as Eau des Carmes (Gcr. t^armeliter- 
geist).') Later the alcoholic distillate was made officinal as 
Spiritus Melissie compositus. 

The earlier investigations of the oil were made by Schultz’) in 
1739, by Friedr. Hoffmann”) about the same time, and by Dehne<) 
in 1779. 

OIL OF HYSSOP. 

In antiquity hyssop was already included among the spice 
plants.') The word “Ysop", used by Luther in his translation 
of the Bible, did not apply to hyssop but to Origanum.") The 
volatile oil thereof was used during the late middle ages and 
is mentioned in the German price ordinances of the 16. century. 

OIL OF THYME. 

As a kitchen spice thyme was used during antiquity. ■) Theo¬ 
phrastus, Dioscorides, Pliny and Columella") mention thyme and 

*) See p. 67. 

’) Schultz, Dissertatio de Melissa. Hals 1739. 

•) Friedr. Hofimanii Observaliontim physico-chemkarum selecthrum. 
Hals 1722 1736. Lib. Ill, p. 19. 

') Crell’s Chemische Annalen .1 (1780), 29. ■ r. v, 

'•) Prosper Mpinus, De planlis ^pll liber. yeneti l591. Cap. 20.- 
Dioscoridis De materia medica libri quinqae- Editio Kiihn-Sprengel 1829. 
Vol.l, p.374. - 1. Kings, 4:33. - Exodus, 12:22. - Lev. 14:4; Numbers, 
t9:6 and 18. 

“) Rosenmuller, Haridbach der bibl. Altertumskunde. 1830. VoL4,p.l08. 

') Apocalypse, 18:13. 

') Dioscoridis De materia medica libri quiaque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p.385. — Plinii Nataralis historim libri 31. Lib. XXI, 31. — 
Columells De re rustica. Editio Hisard. 1877, p. 446. 
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distinguish it from wild thyme or Thymus Serpyllum, whereas 
the two were not always kept separate by writers during the 
middle ages. It is probably for this reason that Valerius Cordus*) 
refers to thyme as Thymus nostras. 

Although it never played an important role in medical practice, 
it, as well as the oil distilled therefrom, has been officinal in the 
medical treatises since the 16. century, also in the drug and spice 
ordinances. The oil was introduced into the 1589 edition of the 
Disponsatorium Noriaim. 

Thyme camphor (thymol) was first observed by Caspar 
Neumann'-') in 1719, then by Friedr. Cartheuser") in 1754. It 
was examined by l.allemand*) in 1853 who named it thymol. 


MENTHA OILS. 

Several mints, the botanical identity of which it may be 
impossible to establish, were known during antiquity, being used 
as kitchen spice,'') possibly also as medicament by the Egyptians,") 
Hebrews') and Romans.') A similar use the mints seem to 
have found with the Germanic tribes. Among the 73 economic 
plants recommended for cultivation in his Capifulare of 812 by 

') Val. Cordi Historic plantmim. Cditio C. Gesneri. Argentorati, 
1501. p. KRi. 

*) Pliilosoplilc. Transactions ol the Royal Soc. of London. 1724, 1725, 
173,1, 1734. - Oiymid medial dogimtiai-t'xiKnmentalh 2, 282, and Lcctiones 
chymf.v rft* sidihits aiailinolnis et dc aimpimra, Berlin 1727. pp, 135—137. 

1 Cartheuser, t)e .svr/e vnlatile ideixsn sniido in ohis atherein nonnun- 
qujm repaid. Dissertatio. Irancoliirto 1774. - Cartheuser, Afefe™ inedrca. 
Vol.2, p. 115. 

‘I |oum. dc Pharnt. el Chim. III. 24 (1853), 274; Compt. rend. Si 
(1853), 4%. 

“) Prosper Alpinus, l)e planli.i Aigypti liher. Veneti 1591. Cap, 42, p. 01. 

") G. Schweinfurth, Ueher Hlanrenresie aus altSgyptischen GrSbem, in 
Kcriehte dcr deiitsch. botan. Geseilschaft 2 (1884), 300. 

T Matth., 23:2,3 Luk., 11:42. 

') Dioscoridis /Je materia medica iihri qiiinpue. Editio Kuhn.Sprengei. 
1829 p. .183. Plinii Natiira/is histiirhv iihri. Lib. XIX, cap. 8: “Grata 
mentha menaas adore pereiirrit in rustieis dapihnx.'' Lib. XX, cap. 14: “Menthae 
ipsius odur animum excilal, et sapor aeiditatem in cihis; idea emhammatum 
mistura- familiaris." - Coluniellx fk re nislica. Lib. XI, 3. Editio Hisard, 
"Les agronomes latins." Paris 1877. p. 445. 
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Charlemagne,*) three mints are mentioned. Two of these belonged 
to what is now regarded as the genus Mentha, viz., the Mentha 
Menthastrum and Sisymbrium (Mentha crispa).^ In the writings 
of the abbess Hildegard») of 1160, liachmyntza, Mvntza major, 
Hossmyntza, and Romische Myntza arc menhoned. In the 
Pharmacopoeia of Gotha*) of the beginning of the 15. century 
Cruseminte is also mentioned. 

In like manner the treatises on distillation of the 15. and 
16. centuries give directions for the preparation of distilled waters 
from mints without further characterization of the plants.*) The 
mint oils mentioned in the older piiarmaeopoeias and drug 
ordinances, likewise, reveal an uncertainty concerning the origin 
of the different kinds. Thus the Berlin ordinance of 1574 mentions 
only Oleum menthse. The Frankfurt list of 1582 mentions Oleum 
menthx, Oleum polcmii and Oleum pulcgii. 


OIL OF PEPPERMINT. 

Whether or not peppermint was among the mints used during 
the middle ages can no longer be determined. In the oldest 
German treatise on distillation the Liber de arte distillandR) of 
the year 1500, the following mints are mentioned as being used 
in the preparation of distilled waters: Mentha aquatica, Mentha 
rubra, Mentha balsamica, Mentha sarraamica and Mentha 
crispa, but no distinguishing characteristics arc given. Neither 
is it definitely known whether the kinds of mint used formerly 
agree with those now in use. As far as known, the only spe- 


') Capitulate de vWis ef cortis imperiatihus. Translated and explained 
by A. Thaer. In b'uhling’s Landwirtschaftlicbc Zeilung. April number I87S. 
p. 24I-2 <iO. 

') Meyer, Geachkhte der Botanik. 1856. Vol. 3, p. 406. 

’) Hildegardis Abbatissae Subtililaliim diversarum natiiranim crcalura- 
nim libri mnem. Editio Migne. 1855. p. II6I. 

*) Karl Regel, Uas mittethochdeuUiche Gothaer Anneibuch. Gotha 
1871 p.2t. 

■') Hieronymus Brunschwig, Liber de arte deslillandi. De simpticibua. 
1500. fol. 75 b. Val. Cordus, Dispematorium Norieum. Editio Parisiis. 
1548, pp. 77,284,285,378,381,418,410,432. - Gesner, De Horiia Gemumiae 
liber recens. 1561. 

’) Brunschwig, Liber de arte destillandi. De simpikibua. 1500. fol. 75. 
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cimcns of Mentha piperita which are several hundred years 
old, are found in the herbarium of the British Museum in 
London. John Ray,') the English naturalist, had obtained them 
from the county of Hertfordshire of southern England in 1696 
and described them as Mentha palustris, "peper mint”. The 
well preserved specimens correspond in all essential charac¬ 
teristics with the peppermint which is to-day cultivated in 
Mitcham, county of Surrey, near London.-) The cultivation 
of peppermint in Mitcham seems to have begun about the 
middle of the 18. century and was of .some importance toward 
the end of that century. Up to 1805, however, the distil¬ 
lation of peppermint oil was not conducted in Mitcham but in 
London.") 

The English peppermint industry reached its height about 1850. 
Erom that time on American competition cau.scd a decided set¬ 
back in the production.') For purpo.scs of distillation, pepper¬ 
mint was evidently not cultivated earlier on the continent than 
in England. According to the Leyden botanist David Gaubius, 
it was cultivated for this purpose near Utrecht in 1770. He also 
mentions the menthol, the camphora eumpaia mentha: piperi- 
tidis.') Meanwhile Linna;us had named the plant Mentha 
piperita. 

About the same time peppermint was cultivated in Germany. 
Following the example of the London Pharmacopoeia, in which 
peppermint was officinal since 1721 as Mentha piperitis sapore, 
it was mentioned in medical and botanical treatises. The treatise 
by Knigge") .seems to have made it better known in professional 
circles. 

In japan, hower, the cultivation of peppermint appears to 
antedate that of any other country. It is reported to have begun 
before the Christian period. According to Flucckigcr, even menthol 
(Hakuku, Hakka) has been separated since that time and used 


') \ohn Historia phntamm. London 1704. Vol. 3, p. 284. 

‘) Huckiger, Pharmakogtmie. 3. edition. 1801. p. 726. 

) Lysons, Environs of London. 1800. p. 254. 

') Chemist and Druggist INll], 405. 
hlieronymi Davidii Gaubli ^versariorum varii argument! fiber unus. 
I.cidail771. pp.90-M2. 

") Wmggt, be mentha piperitidc commentath. Dissertatio. Erlang® 1780. 
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as a remedy.*) According to Maojiro Inouye,*) the words Hakuku 
and Hakka do not mean menthol, but peppermint. In the oldest 
medical treatise of )apan, the Daiso-Rui-Shu-Ho (806-.809), 
peppermint is not mentioned. However, in the Shin-J-Ho, com¬ 
piled by Tamba Yasuyori in 984, the plant is mentioned as 
Megusa {Me — eye, gusa -- herb), of which an eyewater was 
made. When peppermint oil was first distilled in japan is not 
known. The export of this oil began in 1873. 

OIL OF EUROPEAN PENNYROYAL. 

European pennyroyal (Ger. Polei) is derived from Mentha 
pulegium, L, {Pulegium vulgare, Mill.) or its hybrid varieties, 
and has been used medicinally since the middle ages') and 
possibly earlier.*) The distilled Oleum pulegii is mentioned 
in the price ordinance of Frankfurt for 1582 and appears to 
have been used medicinally, like the plant and its distilled 
water, in the 16. and 17. centuries. 

OIL OF SWEET BASIL. 

Oil of sweet basil appears to have been in use during the middle 
of the 16. century. It is enumerated among the oils of the Frankfurt 
price ordinance for 1582 and in the Dispensaforium Noricum of 
1589. The distilled water was used as early as the 15. century.') 

OIL OF VALERIAN. 

During antiquity valerian was known as Phu. It is described 
in the writings of Dioscorides') and Pliny. Later it is mentioned 

*) Huckiger, Phamakognosie. 1841. p. 726. 

*) Bericht von Schiminel & Co., October 1808, Supplement 

') Dioscoridis De materia medica libri quinqae. Editio Kuhn-Sprengel. 
1829. p.377. 

*) Pteiller, Zwei deutsche ArzneibBcher des 12. und 13. Jakrhundtrts. 
In Sdiangsberiebte der Wiener Akad. d. Wissenseb. Vol.42 (1863), II, p. 137. 
(However, the possibility is not excluded that the PoleiOl mentioned here 
and in earlier treatises pertains to the oil of Thymus Serpyllam.) 

') Hieron. Brunschwig, Liber de arte destillandi. De simpiicibus. foi. 27. 

*) Dioscoridis De materia medica libri quinque. Editio Kiihn-Sprengel. 
1829. Voi. 1, pp. 20 and 348. 

GiuieMetsTeR, Tue voiATue oiu. 1.3 



194 


HlSTORrCAl IWTRODUCTIOft 


as a remedy by Isaac )udaeus‘) and Constantinus Africanus,*) 
who are the first to use the term Valeriana. In a drug list of the 
Medical School of Solerno, Phu, Amantilla and Valeriana are 
mentioned as being identical.’) In the 11. century, however, the 
name Valeriana appears to have been in use,') though the name 
Phu continued in literature as late as the 15. century.’) 

During the middle ages the odor of valerian must have been 
a favorite for it was used for perfuming rooms, clothing and 
linen,") in like manner as the roots of Valeriana celtica, L, and 
those of Nardostachys Jatamansi, D. C., (Nardus indica) were 
used during antiquity.’) 

How common the use of valerian root was in Germany becomes 
apparent from the large number of popular names and synonyms of 
which lists are given by the abbess Hildegard") in the 12. century, 
and by Hieronymus Brunschwig”) toward the end of the 15. century. 

The treatises on distillation of the 16. century provide direc¬ 
tions for distillates of valerian with either water or wine. 

The distilled oil was obtained by Hoffmann, Boerhaave, and 
Gcoffroy, in part from the dry, in part from the fresh root."') 
Later Graberg (1782) described the oil,") and Trommsdorff in¬ 
vestigated the root in ISOS.'") In 1830 he named the acid obtained 
from the aqueous distillate valerianic acid."') 

') Isaac judaeus. Opera omnia. Lugduiii 1545. Cap. 45. “lii, id csl 
Valeriana, melior ruhra et tenuis". 

') Steinschneider, In hnhll's Ardnv fur GeschicMe der Medizin. I87d. 
p. %. "fii, id esi Valeriana; naluram hahet sicul Spica Nardi". 

*) S. de Renzi, Cnilectin Salcrnitana. Alphita. 1854. III. pp. 271—322. 

*) Cockayne, Lcechdoms, Wordcunning and Starcraft of Early England. 
1866. HI. 6, 136. 

') Saladini Compendium aromatariomm. Bonona: 1488. Index. 

“) Turner, Nevr Herball. 1568. Part. 3, p. 76. -- Langham, Garden of 
Health. 1633. p.598. 

1 Dteoridis Dc materia medica iibri quinque. Editio Kuhn-Sprengel. 
1829. Vol. 1, p. 7; and vol. 2, p. 348. - Brunschwig, Liber de arte destillandi. 
De simplicibus. 1500. lol. 39 and 107. 

') Hildegardis Abbatissa: Subtilitatum diversaram naturarum creaturarum 
Iibri novem. Editio Migne. p. 1187. 

T Brunschwig, Liber de arte destillandi. De simplicibus. 1500. fol. 39. 

"5 Pfaff, System der Materia medica. Vol. 4 (1815), p. 172. 

“) Lorenz Crell, Die neuesten Entdeckungeu in derCbemie^inSU). 123. 

“) Trommsdorft’s |ourn. der Pharm. 18, 1. (1809), 3 

“) Trommsdorff's Neues )oum. der Pharm. S4, I. (1832), 134. 
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OIL OF NARDOSTACHYS |ATAMANSI. 

The rhizomes of Nardostachys )atamansi, D. C, {Patrinia 
jatamansi, Wallich) and of N. grandiflora, D, C., (IH. 0. Valeri- 
anaceae) which are indigenous to the Himalaya mountains of 
northern India have an odor reminding faintly of musk but more 
strongly of patchouly. On account of its fragrance this root 
was highly prized during antiquity, being esteemed all the more 
because of its limited supply. It was used for perfuming oint¬ 
ments and fatty oils which were employed in anointing cere¬ 
monies. It was evidently regarded as one of the most precious 
aromatics.*) Later, especially out side of India, other roots were 
used as substitutes for the Indian narde (spikenarde), and fre¬ 
quently confounded with it, notably that of Ferula sumbul, Hook, 
fil., and still later that of Valeriana celtica, L.-) 

The original Hebrew name was Nerd; in Greek (derived from 
the Sanskrit) it was termed I’Kpilmr/Kziy; in Latin, Nardas 
indica, Nardus spica, Spica Nardus: in Arabic Senubol (ear). 
Later this name was applied by different peoples to similar and 
even to different aromatic plants. Moreover, these were confounded 
with narde. In the first century of the Christian era, Dioscorides") 
already distinguished between Nardus indica, syrica and celtica. 
As Plw‘) he probably regarded partly narde, partly valerian. 

*) Song of Solomon, 1:12; 4:13 and 14. - St Mark., 14:3- 5. St 
lohn., 12:3-5. Horatii Carmina. Lib. IV, carm. 13, verses 16- 17. 
During festive meals it was a Roman custom, not only to decorate guests 
with flowers, but to anoint them as well with narde. 

Qir non siih alia ral plalatio, vel hac 
Pirn! jaccntc.i sic temere, et wsa 
Canos odorati capillos, 

Dum licet, Assyriaqiie Nardo 
Polamiis ancti. 

(Horatii Carmina. Lib. 11. carm. II.) 

■■) Sir Wm. (ones. On the Spikenard of the ancients in “Asiatic Researches” 
in Transactions of the Society instituted in Bengal, lor inquiring into the 
history and antiquities, the arts, sciences and literature of Asia. Calcutta 
I78R. Vol. 2. (London edition p. 416.) - Roxburgh, Additional remarks on 
the Spikenard of the ancients. Ibidem vol. 4, p. 97. 

•) Dioscoridis De materia medica libri qainque. Editio Kuhn-Sprengel. 
1829. Vol. 1, pp. 15 -17. 

') Ibidem p. 20. 
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As having a similar odor, Scribonius Largus*) enumerates Nardus 
indica, Nardus celtica, Staechas, Nardus italica, Spica Nardi 
(also used to designate species of hvandula), and Indian grass 
(species of Andropogon).^ 

In midJEval literature the original narde is mentioned but 
once, namely as one of the precious incense materials used 
during the entrance of emperor Henry IV. in to Rome.") In midjeval 
treatises on distillation and in pharmacopoeias, Indian narde no 
longer is mentioned, but spica and spikenard are.') 


OIL OF ELECAMPANE. 

Aqueous distillates of elecampane were used medicinally 
during the middle ages.") Oleum radicis helenii is first men¬ 
tioned in the Frankfurt ordinance of 1582. 


OIL OF ROMAN CHAMOMILE. 

Owing to the similarity of some of the species of Anthemis, 
Chr) santhemum and Matricaria, it can not longer be determined 
which were cultivated by the Greeks and Romans and used by 
them. Nor is it possible to ascertain which species of the above 
genera is implied whenever Anthemis is used in the writings 
of Dioscoridcs,") Pliny, Tragus,') and other authors. According 
to Gesner,*) Roman chamomile was introduced into France and 
Germany from Spain. Anthemis nobilis, L, however, received 
more consideration, in England, in the southern part of which 

') Scribonii Largi Composiliones medicamentorum. Editio Helmrelch. 
Leipzig 1887. p. 72. 

5 See pp. 101, 184. 

"1 Petrus d'Ebulo, Carmen de motibus siculis. Basiliae 1746. p. 23. ■ 
Pluckiger and Hanbury, Pharmacographia. 1879. p. 503. 

') Hieronymus Brunschwig, Liber de arte destillandi. De simplicibas. 
1500. iol. 72. See p. 195, footnote 2. 

') Ibidem fol. 19. 

‘) Dioscoridis De materia medica libri quinque. Editio Kuhn-Sprengel. 
1829. p. 482. 

’) Hieronymus Tragus, De stirpium maxime earum quae in Germania 
nostra nascuntur commentarium libri tres. Argent. 1552. fol. 149. 

*) Conradi Gesneri De Mortis Germanise liber recens, 1561. Fol. 253. 
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it was cultivated and used medicinally. Even during ttie 16. and 
17. centuries the several chamomiles were not kept separate in 
literature, a condition that apparently also prevailed in practice. 

Hieronymus Bock (Tragus),*) who lived during the first half 
of the 16. century, called the plant Cbamomilla nobilis; whereas 
joachim Camerarius, who lived during the second half of the 
same century called it Roman chamomile.*) In the treatises on 
distillation of the 16. century the common chamomile seems to 
have been greatly preferred to the Roman chamomile. 

On the continent, the latter was little used or not at all for 
medicial purposes, whereas in England it was used almost ex¬ 
clusively as chamomile flower. 

Side by side with Oleum cbamomilla}, distilled oil of 
Roman chamomile was first mentioned in the drug ordinance 
of Frankfurt of 1587. 

OIL OF GERMAN CHAMOMILE. 

The common chamomile, Matricaria Cbamomilla, L, was 
used medicinally by the Greeks and Romans, and is repeatedly 
referred to in classical literature.*) It was also highly valued 
during the middle ages. Brunschwig') describes the distillation 
of the flowers. 

The oil, which attracted attention on account of its blue 
color, seems to have been known since the middle of the 
15. century. Saladin*) mentions it in his list of medicaments of 
1488, and the Niimberg physician Joachim Camerarius*) prepared 
it in 1588. Conrad Gesner*) and Porta") distilled the oil after 
moistening the flowers with aqua vitae. 

') See footnote 7, p. 1%. 

*) Fluckiger and Hanbury, Phamtacographia. 1879. p. 384. - Camerarii 
Hortm mediciis et phi/osophicus. Francofurti 1588. p. 39. 

") Dioscoridis Dc materia medka iibri qainque. Editio Kuhn-Sprengel. 
1829. p. 482—483. - Plinii Nataralia historic Iibri. Lib. XXII, 26. Editio 
l.ittre. Vol. 11, p. 82.— Palladii fle re rastfea. Editio Hisard. 1877. p. 608. 

*) Hieronymus Brunschwig, De arte destiliandi. 1500. Foi. 38. 

') Saiadini Ascuii Compendium aromatariorum. Venetii 1488. Index. 

“) Camerarii Hortus medicus et phiiosophicus. Francofurti 1588. p. 39. 

’) Euonymi Philiatri Ein kOstikber tbeurer Schatz. iS5. p. 222. 

') Gio. Battistx Ports De destillatioae. Roms 1608. p. 83. 
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In the price ordinances it is first mentioned in that of Berlin 
for 1574 under the title of Oleum matricarix, and of Frankfurt- 
on-the-Main for 1587. in the Dispensatorium Noricum of 1589 
it is mentioned as Oleum chamomiUx vulgaris besides Oleum 
matricarix. 

The blue color of the oil was attributed to a copper content 
due to the distilling vessels, until Pauli and Herford of Copen¬ 
hagen showed in 1664 that the oil distilled from glass vessels 
likewise possessed a blue color.’) On a large scale, by steam 
distillation, chamomile oil was first distilled in 1822 by the 
apothecary Franz Steer”) of Kaschau in Hungary. The oil was 
first examined by Zeller”) in 1827. 


OIL OF TANSY. 

The distilled water from the flowers and leaves of tansy 
was a common remedy during the 16. and 17. centuries.') The 
oil is first mentioned in the price ordinance of Frankfurt-on-the- 
Main for 1582 and in the Dispensatorium Noricum of 1589. 
The oil was first examined by |. Persoz”) in 1841. 


OIL OF WORMWOOD. 

Wormwood is supposed to have been known to the Egyp¬ 
tians as early as the 16. century B. C.“) In the Old Tes¬ 
tament the plant is referred to repeatedly.’) Whether the plant 
known to the ancients and later referred to as wormwood was 
the present Artemisia absinthium, L., or not can no longer 
be determined. 

’) SlmonLs Patilli Qaadripartitum hotankam dc aimplidtim mt'dicamcn- 
Umm taenttatihus etc. Argent. I6ti7. p. 425, 

-■) Buchner's Repert. f. d. Pharra. «1 (1837), 85. 

”) Ibidem 2J (1827), 487. 

*) Hieronymus Bnmschwig, Uber de arte destiUandi. He simplicibus. 
1500. Fol.04. 

') Compt rend. IS (1841), 438; )oum. I. prakt. Chem. 25 (1842), 55, 80. 

“) Papyrus Ebers, {ahresbericht f. Pharm. 1880. 26. — Fluckiger, Pharma- 
kognosie. 1801. p. 886. 

’) Deut., 20:18. — Proverbs, 5:4. — Amos, 5; 7 and 8:12. — leremiah, 
0:15; 23:15. Lamentations, 3:15 and 19. 
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In Greek and Roman literature wormwood received but little 
consideration; however, it is mentioned in the writings of Dios- 
corides.*) As a remedy, wormwood is praised by Walafried 
Strabus") in the 9. century and by the abbess Hildegard*) in 
the 12. century. From that time on it received occasional mention 
in pharmacopoeias, but is wanting in most of the treatises on 
distillation of the 16. century, although known to their authors,*) 
and even distilled by Brunschwig.*) 

The distilled oil of wormwood was known to Porta,") who 
directed attention to its blue color. It was first examined by 
Fr. Hoffmann of Halle and recommended by him for medicinal 
purpo.scs.’) Later the oil was examined by Cl. |. Geoffrey,") by 
Fr. Kunzemuller,*) by Buchholz,'") and by Margueron.**) In price 
ordinances it is first mentioned in that of Frankfurt-on-the-Main 
of 1587, also in the 1589 edition of the Dispensatorium Noricum. 


OIL OF COSTUS ROOT. 

Costus root from Saussurea Uppa, Clarke, was known to 
the Greeks as xfimn,;. During antiquity it was used as a spice, 
also in the preparation of a fragrant oil, for purposes of anoint- 

') Dioscoridis De materia medica Hhri quinque. Editio Kuhn-Sprengel. 
1829. Vol.l, p.367. 

") Walatridi Strabi Horttiliis. be viribus herbarum. Editio Choulant. 
1832. p. U7. 

*) Hildegardis Abbatissae SubtiUtatam diversariim aaturarum creatu- 
rarum libri novem. Editio Migne, Patrohgix cumus completes. 1855. 
p. mt 

') Conradi Cesneri be Hurius Germanite liber tecens. 1561. Foi. 243. 

") Hieronymus Brunschwig, Liber de arte destillandi. be simplicibus. 
1500, fol. 112. — Brunschwig distinguished between the following species, viz., 
Absyntbium ponticum, Absynthiam cretensis, Absynthium marinum, used in 
the distillation of wormwood water. - See also Murray's Apparatus Hedi- 
caminum Gottingi® 1766. Vol. I, p. 118. 

') Port® be destillatione libri IX. Korn® 1608. p. 79. 

') Friedr. Hofimannii Observationum pbysico-chemicarem selectiorum 
libri. Hal® 1722. Lib. III. Observ. I, p. 9 and 355. 

') Mbmoires de I’Acadbmie des sciences de Paris. 1721. 

'5 Crell’s Chem. Annalen I7S4, 206. 

Gdttling’s Almanach fur Scheidekunstler und Apotheker 1786, 101. 

") Trommsdorff's lourn. der Pharm. », II. (1798), 202. 
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inent,‘) similar to nard oil. It was also highly esteemed as remedy. 
Dioscorides') distinguishes between the white Arabian or Indian, 
and the black Syrian costus. Garcia") mentions that costus was 
used in Asia Minor, Syria, Arabia and Persia, but that it grows 
only in India. Costus root should not be confounded with 
Costus dulcis, a synonym for the bark of canella alba. 

') p. 195. W. Heyd, Geschichtc des Levmtehamiels im Mittelalter. 
1879. Vol. 1, p. 90; and Vol. 2, p. 580. ■ Dymock, Materia tnedica of Western 
tndia. 1885. p.449. 

*) Dioscoridis De materia medica libri qainque. Editio Kuhn-Sprengel. 
1829. Vol. 1, pp. 15 and 29. 

") R. Sigismund, Die Aromata, Leipzig i884. p. 34. 



IV. HISTORY OF THE METHODS OF 
DISTILLATION AND 
OF DISTILLING APPARATUS. 


Ihe literary documents considered in the previous chapter 
reveal the slow process of evolution leading up to a better under¬ 
standing of the subject of volatile oils. In like manner, a short 
historical retrospect of the methods of distillation and distilling 
apparatus may result in an insight into the gradual development 
of the art of distillation and of the methods of preparation of dis¬ 
tilled oils. The history of the evolution from the primitive Cucur- 
bita, the Alembic and the Berchile to the steam and vacuum 
apparatus of our own time reveals a long and varied course 
which had to be traversed by this apparently modem branch of 
industry in order to bring it to its present technical and scientific 
perfection. 

As is well known, primitive man regarded fire as something 
supernatural. Thus the Greeks believed it to the gift of Prome¬ 
theus and used it accordingly in their religious rites. The oldest 
tribes of the Persians worshiped it as a divine element. A more 
practical use was made of it by the Chinese, who in the remotest 
antiquity utilized it in the development of a most remarkable, 
though primitive industry. The oldest books of the Bible report 
that Tubal-Kain was “an instructor of every artificer in brass 
and iron”;*) they also state that bricks were burnt*) for the 
construction of the tower of Babel. According to the apocryphal 
document, the Ayur-Vedas,') the Indians at an early date not 


') Genesis, i: 22. 
*) Genesis, 11:3. 
■) See p. 16. 
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only used furnaces for melting and firing, but also for distillation. 
They were used extensively by the Egyptians during their long 
and highly developed period of civilization. 

For more than ten centuries, from the time of the Arabians 
to the end of the middle ages, the solution of minerals, of vege¬ 
table and animal drugs with the aid of furnaces was regarded 
as a noble and “subtle” activity in the search for the philo¬ 
sopher’s stone. This philosopher's stone was not only to serve 
the purpose of converting baser metals into gold, but also of 
preparing a quinta essentia for the maintenance and reestablish¬ 
ment of health and the prolongation of life. Hence the furnaces, 
apparatus, and implements constructed for the practice of the 
hermetic art and for alchcmistic purposes arc important, not 
only for their own sake, but as essential aids to technology. 
They afford an interesting illustration of the desire to solve the 
problems of a better knowledge of natural objects in so far as 
it can be gained by the direct or indirect action of heat as 
generated in the several types of furnaces used since antiquity. 
Thus the furnaces con.structed for melting and sublimation were 
used in the search for the lapis philosophorum, the latter tog¬ 
ether with the furnaces used for distillation in the search for 
the quinta essentia of organic nature. As a final hypothesis, 
the doctrine of phlogiston was developed in the long epoch of 
practical endeavor and theoretic speculation. With its overthrow 
there were also abandoned at the close of the 18 . century the 
beliefs in the miraculous, and the prevailing doctrines of the ele¬ 
mentary nature of natural objects. 

The first definite statement found in ancient writings which 
indicates a kind of primitive distillation, although probably not 
illustrated until the middle ages, is the mention of the method for 
obtaining oil of cedar, .mtiuMwii' (turpentine oil?), which occurs 
in the writings of Herodotus, Dioscoridcs and Pliny.') This oil 
is said to have been obtained from the oleoresin by boiling with 
water in an open earthen kettle. The oil either collected at the 
surface of the liquid and was removed, or its vapors were con- 

') Hcrodoti Historm. Lib. II, 85. - - Dioscorides. De materia medica. 
Lib. I, .'tt, 3Q, 80. Plinii Hmtoria naliiralis. Lib. XV, cap. 6—7; and Lib. XVI, 
cap. 22. t' pice lit, quod pissimim appellant, gaum coquitur, yelleribus 
supra liahiiuni epis expansis, atque ita expressis .... color oleo lulvus. 
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densed in layers of wool spread over sticks of wood laid cross¬ 
wise on the kettle as illustrated in figure 4, The wool when 
saturated was replaced from time to time by fresh portions and 
the oil expressed with the hands. 

Authentic representations of the distilling vessels used by 
the Egyptians do not exist.*) Some of their forms of apparatus 
were undoubtedly adopted by the Arabians and improved by 
them. To the oldest known writings which give information on 
methods of distillation and distilling apparatus belong those of 
the Greek physician Dioscorides*) who lived during the first 
century of our era in Anazarbus, 

Sicily, and those of the Greek philo¬ 
sopher Zosimos”) of Panopolis. In 
a Arabian manuscript translation of 
Dioscoridcs’ Liber de materia medica 
in the library at Leyden, distilling 
furnaces and apparatus are mentioned 
and described. These descriptions 
probably occur in the original Greek 
text. Among them are found the 
cucurbita and the alembic.*) 

just as pictures of animals have 
served as symbols in the oldest 
mythology of and as characters in 
writing by the earliest peoples, the 
forms of animals were used by the 
ancients as prototypes in the making 
of jewelry, and of all kinds of useful articles and apparatus. 
The same practice appears to have obtained in the making of 

') Egyptian and Greek distilling apparatus of the 3. and 4. centuries, which 
served primarilyfor the distillation of mercury, have been reproduced in Dujardin’s 
L 'art de la Distillation. Paris 1900. These illustrations were found in a manuscript 
of the end of the 10. century in the Marcus library in Venice and are copied from 
Berthelot’s Introdact. a i’Etude de ia Chimie desAnciens etdu lioyen-ige. 1889. 

') See p. 19. 

•’) //f(« deydmr rm xa/io'iar (of apparatus and furnaees). See p. 22. 

*) Extracts from this as well as from the later Arabic texts of Phases, 
also an unimportant illustration of an Arabic distilling apparatus, have been 
published by Prof. E. Wiedemann in vol.32 (1878), p.575 of the Zeitschrift 
der deutschen morgenlSndischen Qesellschalt. 
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primitive digestion and distilling vessels. Such pictorial represent¬ 
ations have been carried over from the writings of Zosimos, and 


probably of others in¬ 
to the writings of the 
Arabians and from 
these into other al¬ 
chemical works of 
the middle ages.') 

As the prototype 
of a common flask, 
the figure of an ost¬ 
rich*) is given (fig. 5); 
as that of a retort a 
goose (fig. 6) or a 
pelican') (fig. 7). The 





shape of a bear ser¬ 
ved for a still (cuc- 
urbita)*) and head 
(alembicus) (fig. 8). 
An improved form of 
this simple distilling 
apparatus is found 
in the writings of 
Geber,') and of Al- 
bucasis.") The latter 
not only described 
glass distilling ves¬ 
sels, but also those 



Fig 0, 



Fig. 7. 



prepared of glazed earthenware (fig. 9). He also described a 
kind of fractional distillation for the purpose of a “better con- 

') loannis Khenani, Medici, SoHs e puteo emergentis: sive disserts- 
thnis chymia technice practica, materia lapidis philosophici et clavis operum 
Paracelsi, qua ahstnisa implicantur detkientia supplentur. Francofurti 1613. 
Pars I. Theuremata chymio technica. 

*1 Phiala esl yas vitreum ex ventn in modum sphaerx rotunda gra- 
eilem cauaiem in proceritatem emittens. 

*) Pelicanus est vas circulatorium e figura pelicani pectus suum rostra 
fodientis, pullosque suos refarcientis nuncupatum, ampio ventre sensim in 
angustiis collum vergente, quod retortum et curvatum os mrsus in ventrem 
immittit. 

') Cucurbita est vas pierumque tiirbinatum, in cueurbitae vel pyri 
formam utero turgescens. Cucurbita cum suo alembico juncta ejus- 
modi est. 

1 Gebri Summa periectionis magisterii. Gedani 1682. 

•) See p. 25. 
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densation and separation of subtle spirits” by placing several 
alembices’) on top of one another (fig. 10). 

From the writings of Geber and Albucasis, also from those 
of the excellent physician and writer Rhases (E! Rizi) who 
lived in Bagdad during the 9. century, it becomes apparent that 
the Arabians distinguished as 


early as the 8. century between 



“• Pn. 10. 


distillation over an open fire and from a water bath and an ash 
bath.*) Geber described both methods in detail.*) 

For the purpose of better condensation, Costseus of Lodi,*) 
a physician and alchemist of Bologna, recdmmended that the 

•) Liber servitoris Bulchasin-Ben-aberazerin. Venetis 1471. Lib. XXVII, 
p. 247. Modus aim cai vult desiilltre paucam aquam. Accipe ollam ex asre, 
el impie earn aqua, el pone super ianem ignis, el pone os ejus coopertorium per- 
hratum foraminihus duobus vet tribas vel pturibus, aat paucioribus ventribas 
secundum quod poterit capere coopertorium otiee, etsint venties ex vitro... 

*) Das Buck der Geheimnisse des Abu Bekr Ben ZahArijli Er-Rizi. 
Fleischer’s Kataiog No. 266. Leipxiger Stadtbibliotbek. Codex K. 25. 

*) Cebri Summa perlectionis magisterii. Cap. 50. Ex bibliotheca vati- 
cana exemplari. Gedani 1682. 

') Mesue, Simplicia et composita, el antidotarii novem posteriores sec- 
tiones adnotationes. Venetis 1602. 
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beak of the alembic be cooled by water (figs. 11 and 12), also that 
the distillate be improved by the use of the water bath (balneum 
Marix) (fig. 13) and the sand bath (balneum arens) (fig. 14). 

Among the writings left by the 
Arabians, the work of Albucasis previ¬ 
ously mentioned probably contains one 
of the first and most striking des¬ 
criptions of the manner of distillation 
and distilling apparatus.') 

From the 14. century on the prac¬ 
tice of making distilled liquors in¬ 
creased very considerably. As a result 
the methods of distillation and the 
distilling apparatus, especially those parts employed for the con¬ 
densation of the vapors, were greatly improved. The method 
of condensing the vapors, already well known to the Arabians, 
by passing the straight or bent 
tube of the alembic, or an elon¬ 
gation thereof wound into a spiral 
(wormtubc, serpentina) through 
a tub of cold water was already 
in general use at that time for 
the distillation of wine and fer¬ 
mented plant juices. As exam¬ 
ples of such distilling apparatus 
and methods, "die mancherlcy 
l(uhlungen der Teutschen und 
Welschen Weinbrenner”, are de¬ 
scribed and illustrated in treatises 
on distillation of the first half of 
the 16. century, namely in those 
of Brunschwig, Ulstad, Ryff, and 
Loniccr. In these a distilling 
apparatus constructed with con¬ 
siderable skill is described. The 
helmet of the still and the outer condenser jacket were made of 
sheet copper. The head-like form of the expansion of the helm 
with the outer jacket, the lower open rim of which was tightly 
') See p. 26. 
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luted to the still, gave rise to the name of MohrenkopL The 
condensation was effected by a continuous flow of cold water 
through the outer jacket (fig. 15). 

The method of condensation derived from the Arabians was 
considered the most perfect for the distillation of spirit of wine 
(aqua vitae). The illustration of this ap¬ 
paratus was selected for the title page 
of the second volume of Brunschwig's 
Destillirbuch published in the year 1^7 
and is reproduced on page 41. Where 
the two upright serpentine connecting 
tubes (serpentinae) between the retorts 
(cucurbitae) and the receivers (recepta- 
cula) cross each other they pass through 
a condensing tube filled with cold water. 

The cooling effect thus produced is not 
sufficient for the condensation of all the 
vapor. The worm acts therefore, as a 
dephlegmator and increases the alcoholic strength of the distil¬ 
late. This is correctly emphasized by Brunschwig. 

diweU die Geister, so uber sich getriehen werden, vH reyner und 
suhtHer seind, denn in soichem mtsteigen alles, so 
schwer, irdisch Oder llegmatiscb ist, nit hinaul kom- 
men mag. Garumb die Geyster des veins am tincir 
tigsten iiber sich, abet andcrer materi, so mehr mit 
llegmalischcr lencbl behatit, under sicb getrieben 
werden.^) 

The perfection of the apparatus for the 
preparation of distilled waters and oils, which 
up to that time had received but little attention, 
seems to have progressed much more slowly 
and with greater difficulty. In comparison 
with the readily volatile alcohol, water was 
considered as that product of distillation most 
closely related to it, whereas the oil was regarded as the “obese 
and fatty substance that had to be driven over with a stronger 
and more violent heat.” This had led to the firmly estab¬ 
lished belief that in the process of purification the volatile and 

') Hieronymus Brunschwig’s He arte destillandi. Vol. 2, liber 1. 
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subtle part must penetrate and exhaust the material as much 
as possible (resolving). As a result all sorts of queer apparatus 
and sources of heat were invented for producing the so-called 
circulation. They all resulted in a prolonged digestion and an 
unintentional loss of the alcohol, ofttimes formed by fermen¬ 
tation, and of the aroma. 

Circulation was therefore considered not only as the essence 
of distillation, but also as an important preparatory part of it. It 



fit IS. 


was believed that the plant and animal material finally to be 
distilled was thereby prepared for the refinement and purification 
of the spirit beings (“geistige Wcsen”) contained in them, and 
for their better and easier separah'on and purification. A large 
variety of vessels, usually constructed after some symbolic 
prototype, was used for this purpose. The simple Circulatoria 
were ordinary glass flasks, retorts the tubes of which were bent 
in a variety of ways, also so-called urine glasses used by phy¬ 
sicians for diagnosis. 
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The operations performed in the pelican (fig. 16) and double 
or twin Circulatoria') (fig. 17) provided with reflux tubes were 
considered as the most perfect kinds of circulation, especially 
for refining the “spirits." 

Still more peculiar than the form of the Circulaloria was 
the source of heat used for the purpose of circulation, which 
was usually accompanied by fermentation, and even decompo¬ 
sition processes. Not only was the water bath (balneum Manx) 
(fig. 18) and the ash bath (balneum per dnerem) (fig. 19) em¬ 
ployed, but also the sun bath (destillatio soils) (fig. 20). The 
circulation vessels were also immersed in fermenting dough, and 
heated with this in an oven (destillatio panis); or they were 
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Fig. 17. 


imbedded in decomposing, well wetted horse manure which was 
placed in a layer above unslakcd lime in pits (destillatio per 
ventrem equinum) (fig. 21). 

With the introduction of aromatic waters as one of the 
principal forms of medication, the condensation of the vapors 
gave rise to difficulties, because a greater degree of heat was 
necessary for their distillation. Plant material lying on the 
bottom of the still was also easily burnt, and the distillate received 
therefrom an empyreumatic odor and taste. With a strong heat 
a .serious overheating of the helm and tube, which were usually 
constructed of lead or tin, took place, while with the employment 


') duota est vas circulatorlum a duabm auribus, vel vim utrumgue 
braebium lateribus applicatum habente, dictum, bu/us interior pars est in 
modum cucurbits, cui impositus est aiembicus in summo canalem habens; 
in loco autem conneviente duobus rostris incumatus et in cucurbitam a 
capiteilo humorem, condensatum ducentibus prsditum, 

CiLDeMUSTUt, THfc VOLATILt OILS. 
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of a moderate heat the yield of the distillate remained unsatis¬ 
factory. In order to overcome these disadvantages, and to prevent 
the flowing back of the distillate condensed in the helmet, as well 
as to increase the cooling effect of the air, the helmet known as 
the “Rosenhut” (fig. 1, p. 40 and fig. 22) was constructed as early 
as the 15. century. Near its base, at about the height of the 
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outlet tube, a groove extended 
around the inside of the helmet. 

Through this the water, conden¬ 
sing on the upper inner wall of 
the helmet and running down, lig.zi. 

was conducted into the outlet 

tube and from there into the receiver. The “Rosenhut" was 
therefore in itself an inefficient air condenser, which served its 
purpose with much less efficiency than did the "Mohrenkopf ’ in 
the distillation of alcohol (fig. 15, p. 208). 

In the preparation of the distilled waters, the first step to¬ 
ward a better condensation with cold water, consisted In sur¬ 
rounding the head of the helmet (alembic) with an oxbladder. 
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It was securely fastened and provided with a wooden stop-cock. 
The hood-like basin thus formed (fig. 23) was kept cold by 
means of flowing water. In a similar manner the helmet was 
also surrounded by a basin-like metallic addition which was either 
fastened by luting or soldering. Thus the helmet could be well 
cooled by running water (fig. 24). By means of an inner hori¬ 
zontal groove like that in the “Rosenhut" (fig. 22) the distillate 



Tib. 22. 


which condensed on the inner walls of the helmet was conducted 
into the receiver. 

About the middle of the 16. century, Walter Ryff in his 
treatise on distillation') describes and illustrates distilling ap¬ 
paratus with condensing tubes which arc passed through vessels 
of cold water. The first apparatus has two tubes, connected 
with the helmet (fig. 25), which are passed through a barrel of 
water. However, Ryff declares this method of condensation as 
insufficient and recommends a worm tube, for the shape of which 

') See p, 46. 
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he gives two forms (figs. 26 and 27), and concerning the use of 
which he gives the following account 


Oic Spiritus sollen durch sonderliche Instrument recht digerirt Oder 
gekult, and von der unmessigen hitz und erbrennung soicber geyster ab- 
gezogen werden, ais nemlich mit den rbren so mit vHen krummen durch 
ein wasser gebt, von irer seltsamen krumme wegen Serpentina genanni, 
das ist Schlangenrdr. Soicber rbren empfahen die erhitzigten geyster, so 
von der werme aufgetrieben" werden, und furct sie durch die vile krumb 
Uni, und wider durch das wasser damit sie genugsamlicben gekulet war¬ 
den .... Zu einem Destinations- 


gerStbe nit affein in der Abstraction 
der spiritus oder geyster, sondern 
auch zu mancherley Destination, 
als nemlich der tzmacerirten oder 
wol erhitzigten, Purificirten oder 
Dirigirten Weckholderbeer, Sticlms- 
blumen, Sfu'e, Lawendel, und ande- 
ret dergleychen Oliger, hitziger und 



leyster geweehs und Wurzelu, von welcher wir das oei abziehen wbHen, 
danimb schaff die ein kiipfferin oder irdin kcssel zu Destilliren durch 
den dampff des bitiigen Wisse/s. Aut diesen kessel lass dir einen 

. bereiten von guter erden, innerhalb und ausserhalb wol 

verglasurt. Dieser helm sol sich auf den kessel wohl schliessen, also 
dass es nit mOge ausriechen. .... Dieser helm sol oben ein loch hahen, 
darin du die rOren oder Serpentine stecken, und auch auf das best ver- 
machen mbgest, welches Serpentin durch ein wasser gericht sol warden, 
das atiezeit kalt sei, damit die geyster, so fast rein and subtil, ganz 
leichtlich zu verhitzigt und verbrennt werden, on anderlass kulung und 
eiyuickung empfahen. Solch Serpentin magstu nach mancherley art und 
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maniet bereyte, also dass die geyster under sich Oder ober skb ge- 
Irieben werden}) 

A peculiarly constructed apparatus for the distillation of 
aromatic waters and oils was recommended by Adam Lonicer 
in his KrMer- and Destillirbuch published in 1573. Uffenbach's 
translation of the description is as follows: 

Von GewBrzen and allerband Saamen, a/s von liSgelein, Zimmel, 
liiiskatnass, Anissamen, Hbmisch Kummel, Wisskummel, Fenchelsaamcn and 
dergleichen, kann man mancberley edie and kbslliche Ole abzieben. lind 
dicweil soicbc Ole nun sebr gemein im Gebraucb seien babe icb die Form 
iind Weise der gemeinen Instrument und Ofens, sammt der Destillalion, 



hieba gesetzt (fig. 28). Man bereitet einen gemeinen Destillieroten, wie lu 
eincm einlachen balnea Maris ptiegt gemacht werden, darin seize man ein 
kuidlern Blase so zicmiicb gmsz ist, dasz sie eine gemcine Masz oder 
sechs lialtet. Soldier Blasen Hals Oder Mund sol oben handbreit welt sein, 
und uber den Glen berausgchen. Darault sturtzel Oder deckel man ein 
knpffem Hut, so wol darin einscbliesset. Soldier Hut soil oben ein Rbrlin 
liahen so eines Fingers dick weil ist and eines balbeii Fingers tang uber 
sich gebel. Daran steckt man die blecben BOren, so aft die art, wie folgende 
Figur aussweiset, bereitet sein, dass sie gehet in ein andem kupllem Kolben, 
so aucb einen Hut mil einem Berlin oben hat. Darautf seize! man ein 
andere aach dergleichen blecben BOren Oder Serpena in weicbe durch ein 
Vast, in ein Furlegerglasz, darin die destUHrte Materie Uiesset, ausgehet. 

') W. Ryff, New gross Destillirbucb, wohIbegrSndeter Destillalion. 
Franirfurt a. M. 1567. Fol.21. 
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So man nun von Gewiirtze odor von Samen die 0/ea distUUrn will, sol 
man die kupffern Blase so in dem Brennofeu stehet halh vol Brunnen- 
wasser fOllen, and darnach die GewGrtze odcr Samen, darvon man die Olea 
abziehen will, wol zerstoszen, derselben ein Pfund Oder zwei darin thun. 
Die Instrument oder an alien Orten, da sie zusammen gesteckt war¬ 
den, wol gchah mif OchsenbJasen und Meel verwaren, iind das Feuer under- 
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madien. trstlicb sanfft und darnach je longer je befftiger regieren. Solche 
Distillation gehet geschwind naher, in drei oder vier Stunden, Wann nun 
die beste Spiritus also berausz geflieszen und abgelauffen sein, sol man 
das Oleum so oben in dem Glasz schwimmet, sauber darvon in ein be- 
sonder Gliszlin geschicklicb absondem.^) 

') Adami Loniceri Krauter Bach und kunstliche Conterfeyungen sammt 
der schOnen und nutzlichen Kunst zu destiUiren. V<m Petrus Uffenbach 
in's Teutsche ubertragen. Ulm 1703. pp, !8~t9. 
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Finally, the Arabians and probably others before them 
practiced "downward distillation" which corresponds on the whole 
to our modern dry or destructive distillation for obUining em- 
pyreumatic or tar oils. At the time of the revival of the distilling 
art, this method was also applied to the preparation of the oils 
of certain woods, barks and spices, juniper wood in partioular 
had been submitted to this destiUatio per descensum since 



antiquity, later also guaiac wood, cinnamon, cloves, mace and 
other spices were distilled in this manner. The furnace contained 
a division in the middle, with a central opening into which a pot, 
provided with a beak-like opening at the bottom, was either hung 
or plastered in. On top of the opening extending into the upper 
part of the furnace was placed a wire gauze and a second pot 
filled with the dry substance to be distilled was luted with its 
opening on the top of the lower pot. The heating was then 
effected by building a fire around the upper pot (fig. 29). Some- 
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times the lower pot was buried in the earth and a fire built 
about the upper pot fastened on top of this one in the same 
manner. 

For the destillatio per descensum on a small scale, glass 
vessels heated from the side (fig. 30) were also employed, and 
for some easily distilled substances even the heat of the sun 
(destillatio soils) (fig. 31) was used. At present the preparation 
of empyreumatic oils as well as of the finer tars is effected in 
cast iron or earthenware cylinders. 

Titles, such as de furnacibus construendis, as well as 
illustrations of some of the older treatises, already enumerated, 
reveal that no little attention was given during the middle ages 
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to the construction of distilling furnaces. Abundant evidence there¬ 
of is found in the 16. century treatises on distillation. Besides 
the distilling apparatus most generally used at that time, and 
reproduced in figs. II, 12, 15,18, 22, 24, 25 and 26, the socalled 
fauie Heinz or Athanor (from ((Aiwtcft,.-. imperishable), called iur- 
nus Acedire by Ulstadt (fig. 32), was much in favor and was used 
to a great extent for the distillation of waters and oils. Above 
a common fireplace were placed three or more distilling retorts 
with Rosenhutheim (p. 211, fig. 22). The fireplace ended in a 
central iron, copper or earthenware pipe, the opening of which 
could be closed by a cover. By means of slides at the sides 
of the fireplace the heat could be conducted under any one of 
the stills or retorts as desired, and the distillation was thus 
regulated. 
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For the distillation of large quantities in a large number of 
individual retorts or stills, larger cupil furnaces after the manner 
of the so-called “galley furnaces” appear also to have been in 
use. The illustrations and de- « 
scriptions of these in some of the V 
treatises on distillation of the 
16. century represent no doubt 



more the possibility than the realization of perfection. Thefillus- 
trations of these furnaces were transferred from one distilling 
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book to another, but the furnaces themselves probably have not 
been generally used in practice. Among others they are tho¬ 
roughly described in the text and reproduced by illustrations in 
the works of Matthioius and of Lonicer previously mentioned. 
They are built either in the shape of a terrace (fig. 33), or of(a 
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bcc hive (fig. 34). Matthiolus describes one of the latter type, 
in which the retorts are placed between the tiles, and its mode 
of operation in the following words:') 

Ultima hac lornaix utuntur Veneti ac Neapolitan}, qai vitnis alem- 
hicis ahundanl. In aqua itna tantnm die et node, sicco ignis calore, eliciunt 
quae ultra centum lihras. Fornax rotunda est, ut ex imagine hie appicta 
apparel, fomacibus, quae in Genuanorum visunlur vaporariis, omnino similis. 
Omtinet ha:c circumcirca numerosa fictilia, intrinsecus vitro incrustata, 
iirinalh lorman relerentia et dUigente sane artilicio argillaceo luto aggluti¬ 
nate, quibtts singulis per rotum tomacis ambitum singuli adduntur vitrei 
diemhki, e quorum veriice ex globulo ad hoc parato, recipientia crassius- 
culo funiculo ad alligala, pendent. Calefit hate fornax endem modo, quo 
Oermanicorum vaporarinrum lornacis. Atquedum ignis vehemens est, vacua 
relinquunt vasa, donee parumper remitlatur, ne violente calore plants el 
llores exurantur. Tunc itaque plures ministri, qui hoc tantum artilicio 
.ilurriur, ohstructo undique lornacis ostio, ne comliisus expire! color, herbas 
lictilibus iniiciunt, et simtil vitreos applicant alembicos. Atquc in hunc 
modiirn copmsas eliciunt aquas el olea, qus longe meliores babentur, quam 
qus phimbeis conliciuntur instrumenlis, quod nullam metatlorum contrahunl 
mleclionem. 

Although the compilers of the distilling books of the 16. cen¬ 
tury have successively followed the pioneer work of Brunschwig, 
especially in regard to illustrations, their writings nevertheless 
quite often show considerable differences in views, practical skill, 
and experience, and also in the originality of their knowledge 
and ability. With but little public intercourse these secluded 
workers and writers toiled mostly far from one another, each 
in his own sphere and manner, often with but a slight knowledge 
of the older writings and of the work of his contemporaries. 
With regard to the manner of distillation of the aromatic waters 
and oils, this is shown in an unmistakable manner in works com¬ 
piled in the course of the first half of the 16. century by Philipp 
Ulstad, Walter Ryff, Adam Lonicer, Valerius Cordus, and Conrad 
Gesner. All of these were mainly based on the writings of 
Hieronymus Brunschwig. Their views, however, as to the nature 
of distillation itself and of the distilling methods and apparatus 
are neither in accord with those of Brunschwig, nor with those 
of their contemporaries. 

') Hetri Andrea; Matthioli Opera qus extant omnia. Supplementum: 
be ratione destillandi aquas ex omnibus planlis: el quomodo genuini odores 
in ipsis aquis conservari possint. Basilis 1565. p. 5. 
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How little personal skill, practical experience and familiarity 
with the literature on the subject may be found in the writings 
and methods of working of the most prominent experimenters 
of that time becomes apparent e.g. from the construction of 
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and preference for the distilling vessels employed. Thus for 
instance, Valerius Cordus,*) profound in theoretical science, but 
ignoring the rationally constructed distilling apparatus then well 
known, used and recommended ein Kplb mil einem ange- 

■) Valerii Cordi Annotationes in Pedacei Dioscoridis de Materia medica 
librm quinque. Liber de artificiosis extrxtionibus. Liber 11. De destillatione 
oleoivm. Anno dei 1540. p. 229. 
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schmelztcm Helm (fig. 35) as an efficient apparatus meeting all 
the requirements of the art. At the same time Conrad Gesner,') 
his contemporary, used for the same purpose a distilling furnace 
(fig. 36), which had long been in use. 

How confused were the ideas as to the nature of the dis¬ 
tillation of the volatile oils even on the part of a man like Gesner 
who was theoretically and practically equally well trained, becomes 
apparent from the following extract of Gesner’s description of 
the preparation of distilled oils and of spirit of wine from wine. 

Die Speceivy (Nelkyii, tiuscatnuss, Safran, Mtias, Benia-, Myrrha, 
StofHX etc.) wird groh gepalvert, dann nut aqua vits durchfeucittet and hei 
gvdndvr WSrnic destiUirt .... wenn das ()/ anfahit zii fflessen, .s*o nimm 
die materi der specereyen aiis dem Kothen und thus in vin siicklin. welches 
wohl verhunde sye mit cinem faden, und trucks aus under einer prissen. 
A/so dass der heide btdeh der pressen wohl heiss macbest. Und u/so ge^ 
biibri es sich das ausgetruckt 6/ lu destilfiren, recti- 
ficiren und circuliren, damit auff diese weis das rein 
lautcr o! werde geschieden von der groben yrdischen 
materi. l)emnach mag man wo/ h iederiinih die hap/fen 
piitrificiren und digeriren mit dem vorgeme/ten aqua 
vitx, so von andeiem dhgesunderet woiden. Unn zum 
ietiten wiederumb desti//ireu.') 

The operation was interrupted at the be¬ 
ginning, the fatty oil saturated with ethereal 
oil expressed, and the volatile oil remaining in the residue 
separated by distillation. 

h"or the distillation of the volatile oils from flowers, Conrad 
Gesner gives the following directions: 

Die Blnmen der Spiken oder den Lavander soil dii eine kune Zeit laiig 
soimen in einer grossen gISsinen retorte und damach ein tt'M.ser in einew 
aiemhik darvonnen destiUiren und abziehen. Dieses It'asser durcli den ganzen 
Sommer gesetzt an eine warme slatt an die Sonnen, so trey hi es tor und 
iiir 01 fiber sich. welches 01 do aiiw&gen soil von dem wasser separiren 
und ahsundern mil einem iSderlich (fcathervane) und dasselbe fleyssig be- 
balten in einem glasinen guttern (flash) wohi vermacht nnd verslopief) 

*) Thesaurus Euonymi Philiatri, tin kOstlicher Schatz etc. Zurich 1555. 
Kot. 216. "Wie man mOge Oel separiren und abziehen von den Specereyen, 
Blnmen und Samen". Edition of 1583. p. 206. 

1 Thesaurus Euonymi Philiatri, Bin kOstlicher Schatz etc. Zurich 1555. 
Pol. 215-237. 

’) ibidem fol. 222. 
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According to Gesner, anise and other umbelliferous fruits 
are to be bruised and macerated with wine (fol. 227) before being 
distilled. Juniper berries are distilled per descensum, and the 
empyreumatic oil thus obtained rectified by destillatio per as- 
censum (fol. 231). 

As an illustration of the crude views held as to the nature 
of distillation, and as to the products of distillation, the direc¬ 
tions for the rectification of spirit of wine given by Ulstad') and 
followed by Gesner*) may here be quoted; 

Wmn weyn zwey Oder drey ma! fleyssig und ordentlich destillirl aein 
u ird, so nimm einen reinen und dimnen Schwamm und zerhauwe densethigen 
III so gwsse sliick, wetche in der grOsse sygend, dass sy oben tar an alien 
orten inwendig der kolbensmogind anrSren. Der scibig schwamm sol ange- 
hiinden werde und mil zweyen Oder dreye schnurlinen, welche liir den kolbe 
liSrausreichind, damit so du demnach einen 
helm darauf setzest, die schwamm nit mOgind 
an hoden des destilliergelesses fallen, und 
dieselbigen schwMmm sOllend vorhin in 
haiimOlgesetzt werden, und demnach wieder- 
iim ein wenig aiisgetnickt, damit nicht elwan 
d,is haumOl in den kolbeii herahtrieffe, und 
der materi so man ztim destilliere geiiomme 
hat, vermischt werde und warm du jm also 
than hast, so setz ei helm darauft welcher 
allenthalheii verstriche seyge, damit kein 
dampti nirgends heraus gan mOge. Unnd dutch diesen schwamm wer- 
dead die aufgetriebenen geyster des aqux vitae simplicis seer wSsentlich 
und teyn destilliert. Also was groher unreiner, yrdischer und ungedOuw- 
ler materi und suhstanz ist, mag von wSgen dess Ols nicht dutch den 
schwamm gan und durchtringen. Und so du den gebrannten weyn aiilt 
diesc we.v.s und art zu destiUieren zii hand nimbst, so wirst du met in 
einem ahzug schaffeii, dann siinst in dreyen. 

As has already been mentioned, the 17. century, crippled as 
it was by the destructive storms of the Thirty Years war, added 
but little to the further development of the art of distillation 
and other technical scientific industries. The few active experi¬ 
menters, however, favored with a better understanding, endea¬ 
vored to perfect not only the apparatus used, but the processes 
as well. As the DestilUrbuch of Brunschwig and similar treatises 
of his successors reflect the practical and theoretical knowledge 

‘) Coeium Philosophorum seu liber de secretis naturx. Argentor. 1528. 

*) Thesaurus de remediis secretis. Vol. 1, lol. 68. Tiguri 1552. 
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of the 16. century with its mistakes and imperfections, so Rudolph 
Glauber's') treatise on distillation reflects the condition of the 
art and science of distillation during the second half of the 
17. century. Although Glauber’s laboratory work and the character 
of his writings was of a wider scope than that covered by the 
older treatises on distillation, yet he also paid special attention 
to the distillation of aromatic plants and spices. In this, he 
and his contemporaries seem to have paid special attention to 
the improvement of the methods of distillation for the purpose 
of relatively increasing the products of distillation. For this pur¬ 
pose, as has already been mentioned on page 65, a very rational 
expedient of increasing the specific gravity and thus raising the 
boiling point of the water used for the distillation, was resorted 
to. It was effected by the addition of salts. A peculiar method 
for the distillation of volatile oils with the addition of muriatic 
acid is described by Glauber in the following words. 

I'iiUc vinen glSsewen AV^/Aen voU wit Unnumomurn odtr anderem 
Huh, Sa/wn, Mads vtc. und givsse damuf so \ id Spiritus sa/is,*) dass vs 
das liffnum bedvekv, setze solchcti mit cincm alvmbic in das Sandbad, gieh 
I vtivr, dass dvr Spiritus safis koebv, .Sf> stvigt mit wvnig pbhgmatc uHvs 
Ol uhvr, denn dvr Spiritus salis durchdringet wvgvn svinvr Sebdrie das 
lignum, macht das Ol Ivdig, dass vs desto liebvr uburstciget Also wird 
•tuff soicbv M^'CAvt* das Ol nicht wvgvn grosset Mengv dvs IVassers vvr- 
svhmierct und verhhrvn sondern in kicinvn (ilSsem mit wenig Wassei auf- 
gefangen and separiret .... Auf sokiiv IVe/Ve mit dvm Spiritus salis kann 
man aus alien thenerbaren Vvgetabilibns ihr Hehlicbes Ol mit Nutzen madivn. 
bvsglek'bvn kOnnvn auvh allc (jummi und Harze, wie Mastix, Olibamim etc. 
in klare Ofea durch HtVff dvs Spiritus salis dvstillirt werden.^ 

For the decoloration of distilled oils, also for the impro¬ 
vement of oils that have darkened with age, such as the oils of 
cinnamon, cloves and nutmeg, Glauber describes their rectification 
per retortam with Spiritus sulis.^) 

') lohanni Rudolph Glauber! t'umi novi philosophici Oder Besebreibung 
dvr neu erfundenen Destillirkunst. Amsterdam 1648 - Leiden 1648 — 
Prague 1700. 

^ An impure muriatic acid obtained by the distillation of common salt 
with sulphuric acid or alum. 

Glauberi Pumi novi philosophici. Fditio Prague 1700. Part. 1, 
pp. 35- 36. 

*) Ibidem Part. 1, pp.39- 43. 
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For the distillation of plant materials with salt and dilute 
muriatic acid, Glauber gives the following directions: 

Die olea aromatam seminum, riorum, herbamm, radicum, lignomm etc. 
warden gemacht, indem die Samen gemahien. die Biumen, Kriuter und 
Warzein kieingehackt, die Hdlzer geraspelt und mit soviei Wasser angelulll 
warden, dass dieseiben wobi darinnen schwimmen und maccriren kCnnen 
und noch teuchtigkeit genug hleibe, damit dieseiben hei der Destination 
nicht anbrennen und statt eines lieblicben ein brenziicbes Ol erbalten werde. 
Trockene Samen, Biumen, KrSuter, Wurzein und Hbizer miissen zuvor 
etliche Tage in dem Wasser stehen und sicb erhitzen, ebe sie kOnnen destillirt 
warden, und muss auch das Wasser zu den trockenen Species gut gesalzen 
werden, dadurcb dieseiben erweicben und ibre oica desto lieber mn sicb 
geben. Zu denen noch grunen Gewacbsen ist es nicht nOthig; doch kann 
es auch nichts schaden, dean das Wasser kann durch Hulte des Seizes desto 
heisser werden, dadurcb die Olea desto lieber steigen, und billll auch vie! 
dazii dass man Weinstein und Aiaun zutbut, welche der Destination nicht 
wcnig Beltirdemiss thun, Wenn dann die Species ibre Zeit in dent gesaUenen 
Wasser gestanden und wobi durchbisscn seyn, thiit man dieselbe in das 
Desliliirlass etc., so gehel mil dent Wasser, wenn es kocbet, des Kraut’s, 
Samen's oder Hoizes Ol hernher, und wiewobi aul diese Ittme durch Hulll des 
Slices viclmebr ubergebet, ais mit simem Wa.sser ailein, so bieiht doch noch 
tie! zuriick, welches vom Wasser nicht bat lediggemacht und ubergetrieben 
werden kOnnen. Dieserbalben der beste We# ist, soicbe olea mit Nutzcn zu 
machen, durch den Spiritum salis zu destillire, wie im ersten Bitch gelehrt.') 

Glauber's authority was recognized until the middle of the 
18. century, and the methods of distillation recommended by him 
in his several writings were employed by his contemporaries and 
their successors. Therefore, Boerhaavc, Hoffmann, their con¬ 
temporaries, and later investigators prepared the volatile oils by 
using common and other salts, or hydrochloric acid. 

It is perhaps due to the observation that metal was present 
in an oil or a distilled water, especially if an acid had been used 
in its preparation, that in the course of the 18. century more 
attention was again bestowed upon the material of which the 
still was constructed. In consequence glass and glazed earthen¬ 
ware were substituted for metal. As a matter of fact it seems 
that as early as the 15. century the presence of metals in the 
distillates obtained from metallic stills did not escape the notice 
of some of the experimenters. Among others )oh. Krafft*) 

’) GUuberi Fumi novi pbilosopbici. Editio Prague 1700. Part. 3, p. 30. 

■■) Crato von Kraftheim, Conciliorum et epistolarum libri V[\. Francofurti 
1589. Vol. 1, fol. 190. 
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(Crato von Kaftheim, born 1519, died 1585) cautions against the 
use of copper distilling vessels. The famous Parisian physician 
Ambroise Pard‘) (born 1510, died 1590) warns against the use 
of lead helmets and condenser tubes "which ofttimes cause the 
distilled water to be milky”. The Bologna physician and professor, 
Benedetto Vcttori*) of Faenza (Victorius Faventius, bom 1481, 
died 1561) declared about the year 1555, that water, when con¬ 
ducted through lead pipes, dissolves lead and thus becomes 
poisonous. 

However, these observations, like so many others made in 
the art of distillation, appear either to have been known to but 
a few, or else were unheeded and again forgotten, for even during 
the 17. and 18. centuries when oils were distilled with acids, lead 
and tin heads and condensers were in general use in connection 
with copper stills or glass and earthenware retorts. 

As already mentioned in the preceding chapter, the distillation 
of the volatile oils and the construction of the distilling apparatus 
received more attention and underwent a more rapid development 
with their general introduction into the laboratories of apothecaries. 
In these the volatile oils used in medicine and the arts were pre¬ 
pared up to the first decades of the 19. century. Only a few oils, 
such as the oils of lavender, rosemary and rose, which could be 
produced readily in some countries and which were largely used 
in the perfume and soap Industries, have been obtained since the 
16. century in larger quantities by means of primitive portable 
distilling apparatus.") The distilling vessels used in the apothecary 
laboratories and the intinerant stills (Wanderdestillirgerate or 
alambics voyageants) used in France, Spain, Italy and Bulgaria, 
consisted of copper stills with a copper or tin head and tin con¬ 
densing tubes of various shapes. 

One of the better distilling apparatus used for the distillation 
of volatile oils in the 18. century consisted of a tin or copper 
body suspended in a water bath, and provided with a Mohren- 
kopl (fig. 15, p. 208), a Rosenhut (fig. 22, p. 211) and a spiral tube 

') Les CBivres de M. Ambrose Pare, conseiller et premier chirurgien 
da roy. Paris 1575. Edilio latina par lean Haultin. Parisii 1582. p. 74b. 

") Victoril Faventini Practicx magna: de mortis curandis ad tirones, 
tomi duo, Veneti 1562. Tom. I, cap. 21, fol. 144. 

") See pp. 48, 137, 182 and 183. 
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for condensation. An illustration (fig. 37) and description of this 
distilling apparatus was published in 1784 by Francois Demachy*) 
(born 1728, died 1803), director of the apothecary laboratories 
of the civic hospitals of Paris, 


The copper kettle v serves as a waterbath, which can be turned by the 
handles s.s and refilled with a fresh supply of water through the side tube m. 
The tin still d rests with the upper ring n on the rim h of the kettle. The 
lower neck q of the head of the still A rests 
,it II on the upper rim of the still. Around 
the lower edge of the head runs the trough c 
in which the distillate that has been con¬ 
densed in the cone collects and pa.sses with 
uncondensed vapors through the tube c ii into 
the spiral condenser. 

The Mohrenkopta, 
serving as a cooler lor 
the l^oscnhut b, is soi- 
dcred to the neck k of 
the condensing cone. 

The water in the cooler 
warmed during the pro¬ 
cess of distillation, runs 
off through the upper 
tube e as fast as cold 
water is added. 

Since the begin¬ 
ning of the 19. cen¬ 
tury attemps have 
been made to simp¬ 
lify and to improve 
the construction of 

the distilling apparatus, more especially of the cooler, also to 
prevent the burning of the plants on the bottom of the still caused 
by the application of direct heat. Such improvements were made 



F«.37. 


■) |. F. Demachy, L'art du destillateiir des eaiix fortes. Paris 1773. — 
The German edition bears the following title: Herni Demachy's Uborant im 
Grossen, Oder die Kunst, die cbemischen Prodakte fabrikmSssig iti ver- 
iertigen. In 3 Theiien. MU Dr. Struves Anmerkungen und einem Anbange 
einiger Abhandiungen des Apothekers Wiegleb. Translated from the French 
and supplied with additions by Samuel Hahnemann, der Arzneikunde Doctor 
und Pbysicus des Amts Gommem. 3 Vols. Leipzig 1784. Vol, I, pp. 142^ 198 
and plate 2, Fig. I. 

GiLneumreR, The voutiu oils. 
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especially by )oh, Gottfr. Dingier,') apothecary in Augsburg, during 
the years 1815—1820, by Smithson Tennant*) in 1815 and by 
Henry Tritton*) in 1818, both of England. The latter attempted 
to carry on the distillation at a lower temperature by connecting 
the apparatus with an air pump. The distilling apparatus more 
commonly in use at that time for the distillation of volatile oils 
was the one shown in the accompanying cut (fig. 38). 

Steam distillation was recommended in 1826 by H. Zeise*) 
and especially for volatile oils by van Dijk in Utrecht,*) who 
thereby materially aided in its introduction. He demonstrated 
that “the volatile oils which were obtained by steam alone from 



Fif. 38. 


the vegetable material, distinguished themselves from"those 
obtained by distillation over open fire, by a lighter color and 
purer odor. Clove oil distilled with steam is nearly colorless, 
cinnamon oil light straw yellow and orange peel oil completely 
colorless." •) 

') Trommsdorffs |oum. der Pharm. 11,1. (1803), 241; also Buchner’s Repett. 
tur die Pharm. 8 (1817), 137; and S (1819), 142. 

I Philosoph. Transact of the Royal Soc. ol London. 1815. — Repertory 
of Arts. London. Sept 1815. 

■) Annals of Philosophy. )une 1818. — Buchner’s Report fur die Pharm. 
« (1819), 98. 

') H. Zeise, Beitrige tur Nutztnwendmg der Wassetdimpfe. Pamphlet 
Aitona 1826. — Arch, der Pharm. 1* (1828), 69. 

*) Buchner’s Report fur die Pharm. 89 (1828), 94. 

'0 Ibidem » (1828), 110. 
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The first steam distillation on a larger scale in a f^amU' 
ceutical laboratory appears to have been that in the old Apothe¬ 
cary’s Hall in London.') 

In Germany steam distillation for the preparation of volatile 
oils in apothecary laboratories was also made possible by the 
introduction of a steam distilling apparatus, constructed about 
the year 1826 by johann Beindorff,') mechanic and tin founder 



in Frankfurt-on-the-Main (fig. 39). With this apparatus, soon per¬ 
fected in many ways, the distillation of volatile oils with steam 
under pressure was possible. The condensing arrangement also 
had the advantage over the spiral tube by being made up of 
separate parts, and thus allowing it to be readily cleaned even 
on the inside. 


*) Buchner’s Repeit ffir die Phann. 2* (t82^ pp. 112 and 113. 

•) Geiger's Magazin liir Pharmazle etc. U (18M, 174 and 291. — Budi- 
net’s Repert fur die Pharm. B (183®, 436. 


19 * 
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For the preparation of volatile oils on a small scale, the 
arrangements based on the original steam distilling apparatus of 
Beindorff remained, until the industry conducted on a large scale 
became dominant also in this field and prepared products of a 
quality and at prices with which the preparation on a small 
scale could not compete. 

Of the arrangements used for a long time for the separation 
and removal of the oils from the water, the Florentine flask in 
various forms and sizes has shown its utility and has been in 
continual use. It probably came into use in the middle ages. 
A method of separation of oil and water, which in its principles 
corresponds to those of the Florentine flask, was apparently 
described for the first time by Porta') in the latter half of the 
16. century. 

"When oils are extracted from plants, those substances which with the 
water pass over into the receiver must be .separated carefully, in order that 
the oil, which contains on excess of phlegm, may not be weakened. Hence 
the oil must be rectified in order that it may retain its full strength. This 
is accomplished by distillation and separation. For this purpose the first 
distillates are mixed, poured into a retort placed into a water bath (in balnea 
Marise) and slowly distilled over. The pure oil will float on the surface of 
the aqueous distillate. The separation of the oil from the water demands 
painstaking labor. For this purpose, however, ingenious vessels have been 
devised which admit of the ready separation of water and phlegm from the 
oil The glass vessel serving this purpose is open at the top and widens out 
funnel-like toward the bottom. The water, phlegm and oil are transferred 
slowly, drop by drop, into this flask, whereby the oil rises to the surface. 
A lateral tubular opening is closed with the finger. By effecting a partial 
opening the lower layer of water is allowed to flow out, whereas the oil 
collects above the opening closed by the finger. Thus the oil is separated 
from the water that has been allowed to flow out. Finally the oil is trans¬ 
ferred to another container. 

"Still another .separating vessel has been devised tor this same purpose. 
The bulging flask contracts to a narrow neck, to the middle of which is 
attached a bill-like tube. The oil mixed with water is poured into this flask, 
the water remains below, the oil rises to the surface and into the neck. Water 
is then added drop by drop so that the pure oil flows drop by drop out of 

') |oh. Baptistae Ports, Neapolitani liagiae nafuralis libri viginti, in 
quibiis scientiamm naturaliiim divitiie or delicm demonsIranUir. lam de 
novo, ab omnibus mendis repurgati, in lucem pwdiemnt. Roms 1565. 
Antwerp. 1557. Editio Hanovis 1611. Liber decimus: Destillat, destillafa 
ad fasligia virium sustoiUt. p. 367—412. 
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the bill. In the case of other oils which sink to the bottom, the water is 
allowed to flow out above. Any water remaining at the surface is removed 
by cotton (a lamp wick) whereby the purest oil remains behind.’’*) 

The Florentine flask, like many other improvements per¬ 
taining to the art of distillation which were not generally known, 
was soon forgotten. As a result it was rediscovered several 
times from the beginning of the 17. century to the year 1823, 
Thus the flask was again described and introduced by Hom- 
bcrg®) at the end of the 17. century, about one hundred years 
after Porta’s description — only, however, again to be forgotten 
for a considerable period of time. A century later, in the 
year 1803, the Florentine flask was again recommended for the 
distillation of volatile oils by the Augsburg apothecary Johann 
Gottfried Dingier") and later in 1823 once more introduced as 
something new by the apothecary Samuel Peetz*) in Pesth. 

The Florentine flask of older construction, as described by 
Porta, has been in use for a long time. The oil was siphoned 
off by means of a porous siphon consisting of a lamp wick into 
small bottles (fig. 40). Later the Florentine flask shown in fig. 41 
was also used. The flask used at the present time in the large 
factories is not only larger, but contains in the upper part on 
a level with the oily layer a glass stopcock through which the 
oil can be drawn off from time to time (fig. 43), or an overflow 
tube through which the oil when it reaches a certain level runs 
into a receiver (fig. 42). 

In the course of time a number of differently constructed 
receivers for the separation of the volatile oils have been proposed, 

•) , Quomodo oleum ex aquis separemus aliud separatoriam 

vas ad idem ingenuosissime excogitatum est, tenuet venter vasis, collum 
angustum mT, enjas medio rostellum affixam est. Translundatur in vas 
oleum aqua remistum, occupat aqua tundum, oleum supra collum: guttatim 
aquam addes, donee oleum ascendat ad rostellum, ex pemento, inclinato 
rase, descendet purissimum oleum et purgatum, ubi aliquid evacuasti, 
sensim aquam addeudo, ascendit oleum ad canalkulam coq.; iterum in¬ 
clinato, reliquam transfundas. Si rero oleum subsidet, aqua super adlatur, 
ut multories eveniet, in latam fideliam vei quodcunq.; vas impoaitum, 
gossipino licineo adaptato, aqua loras transmeabit, oleum purissimum quod 
superest, in tundo residebit'. 

*) Philippe and Ludwig, Geschichte der Apotheker. 1858. p. 513. 

") TrommsdotfTs |oum. der Ptuirm. 11, IL (1803) 242. 

') Buchner’s Repeit fur die Pharm. 14, III. (1823), 481. 



230 


Historical introduction. 


without however, causing the Florentine flask to be discarueu. 
The first of these was proposed by Amblard of Paris’) in 1825. 
It consisted of a conical glass tube, open at both ends and 
drawn out to a taper. This tube was suspended by means of a 
cork ring at its upper end in a high glass mixing cylinder. This 
cylinder was provided at the top with an overflow tube. The oil 
collects in the glass tube and can be removed from this after 
closing the small lower opening, by pouring out as often as desired. 

The more salable volatile oils which were used in larger 
quantities in the perfume industry that had developed in France 
in the course of the 18. century were still prepared during the 
first quarter of the 19. century in the traditional primitive distilling 


FH.41. 

vessels, and were improved by rectification. In Germany the 
apparatus shown in figs. 38 and 39 were principally used. While 
the oils of lavender, rosemary, orange flower, and other fragrant 
oils (essences) were manufactured in France, and rose-oil in Tur¬ 
key, Germany and Hungary supplied the market with the oils of 
caraway, fennel, anise, coriander, calamus, peppermint, spearmint, 
valerian, chamomile, and others used in medicine and in the 
fine arts. In southern France, especially on the sunny slopes 
of the Alps near the Mediterranean coast, the industry of the 
aromatic oils developed considerable proportions in the early 
part of the past century. The oils principally used for medi¬ 
cinal purposes, however, were still prepared in apothecary labor- 

*) Bulletin des travaux de la Socidtd de Pharni. Paris, May 1825, p. 247. 
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atones. In the course of time certain apothecaries and druggists, 
having made a beginning on a small scale, erected much larger 
establishments for the preparation of volatile oils. This was 
done especially in regions suited to the cultivation of medicinal 
plants, for instance, in Thuringia on the Saale and the Elbe, in 
Saxony, Bohemia, Franconia, and also in Hungary. Only a few 
of these, however, remained in existence for any appreciable 
length of time. As in other branches of chemical industry, 
these originally small distilling operations were replaced every¬ 
where by a larger, more rational and efficient industry. Since 
the middle of the past century this new industry has worked 
hand in hand with science and technology. It has not only en¬ 
larged, but also improved the conventional methods and apparatus 



for distillation. Whereas on the one hand it utilized the results 
of science, on the other it not only stimulated science, but gave 
direct assistance. 

Beginning about the middle of the past century the earlier, 
simple apparatus took on a different shape in the factories of 
this larger industry of the volatile oils. The original small 
distilling apparatus were replaced by larger and more rationally 
constructed ones which not only effected a better exhaustion of 
the vegetable matter and thus increased the yield, but also 
produced oils of a better and purer quality. 

The apparatus commonly used in the factories about the 
middle of the present century, were the stills arranged for the 
so-called water-distillation, and others for the so-called dry steam- 
distillation. 
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The first type of still (fig. 44) is a simply constructed 
apparatus for the distillation of plant material in water, as well 
as for the rectification of crude oils by steam. The still is heated 
by means of steam admitted under pressure through the holes 
of a ring d at the bottom, or by allowing the steam to escape 
directly into the lower double walled jacket B. The aqueous 
distillate constantly flows back 

a till through the tube F. 

ic distillation with dry 
g. 45), the still is filled 
with the plant mat¬ 
erial without the ad¬ 
dition of water and 
distilled with steam 
passing through the 
material from the bot¬ 
tom upwards. These 
or similarly con- 
stcam distilling sp¬ 
are employed even at 
!nt time for the distil- 
some of the oils, only, 
of the spiral, a tube 
r is used. 

I the introduction of 
pparatus during the 
f the past century the 
)il industry had taken 
on as a branch of the 
^ rapidly developing chemical in¬ 

dustry at large with southern 
France and central Germany as the principal centers of production. 


Owing to the remarkable development of the entire perfume 
industry during the second half of the past century, the con¬ 
sumption and commerce of the volatile oils assumed entirely 
una^cipated proportions and importance. Scientific and tech¬ 
nical attainment, commercial interests and business competition 
bipught about numerous changes in rapid succession. More 
rational methods of distillation were devised, large apparatus 
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for the distillation of enormous quantities were constructed. Some 
of the largest have a capacity of from 30000 to 60000 liters. 

The evolution of the modem distilling apparatus as applied 
to the distillation of volatile oils, like that of the theory and art 
of distillation in general, is replete with historical interest. 

On the following pages will be found a number of illustrations 
of some of the modern stills used in the largest German factory. 
Looking backward it might seem as though there were no con¬ 
nection between the modern giant stills and their prototypes. 
Yet every one of them is but a link in the long chain of develop¬ 



ment of the art of distillation. That the process of evolution 
has been exceedingly rapid during the past ten years does not 
affect the truth of this statement. Almost every one of these 
pieces of apparatus has been newly created out of the ruins of 
its immediate predecessor. 


In modern chemical industry Germany unquestionably ranks 
first. Of the various branches of this industry that of the 
manufacture of volatile oils and synthetic aromatics has acquired 
an importance previously unexpected and with it a correspon¬ 
dingly influential position. 
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rig. 46. 


Modem distilling and rectifying apparatus. 
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ri(. 47. 


Distilling and reclHying apparatus. 
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rie.«. 


Distilling apparatus for water distillation. 
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Distilling apparatus of 30000 titer capacity. 



HsTomcAL mwDiiCTm. 



DistllHi^ apptratu! for spices. 
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n(. 91. 


GUnt distilling apparatus of 60000 liter capaci^. 





Historical iNTROOuaiON. 
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ClUlfMEtlTUt, THE VOLATILE OILS 


It) 


Modem distiilincr apparatus. 










THE PRODUCTION OF FLOWER 
PERFUMES 

BY EXTRACTION, ENFLEURAGE, AND MACERATION. 




The most common method for the production of volatile 
oils is that by steam distillation. This method not only produces 
the best yields and the purest oils, but also enables the operator to 
attain the end sought most cheaply and with the simplest appa¬ 
ratus. Furthermore, large quantities of oil can thus be produced 
without much human labor. In particular instances, however, 
distillation docs not produce the desired result. This is par¬ 
ticularly true when the high temperature of the steam destroys 
the unstable perfume substances, or when the amount of oil is 
relatively small, moreover if it is readily soluble in water. In 
such instances distillation may, under favorable circumstances, 
yield a fragrant water, which, even by cohobation, may not se¬ 
parate a volatile oil. 

As a matter of fact, some of the most fragrant parts of 
plants, namely the flowers, are not suited to steam distillation. 
In order to prepare the odoriferous substances which impart 
to them their fragrant odor, other methods are employed. In 
such cases the volatile oils may be extracted either with 
volatile solvents or with fat, or they are allowed to be ab¬ 
sorbed by fat. 

Hence a distinction is made between: 

A. Extraction with volatile solvents. 

B. Extraction with nonvolatile solvents, i. c. fats. 

f. Without the aid of heat: enfleurage. 

2. With the aid of heat: maceration. 

Which of these methods is best adapted to the extraction of 
the perfume of a particular flower has been determined in sou¬ 
thern France by long years of experience. 

Extraction with volatile solvents is applied to roses, Parma 
and Victoria violets, orange blossoms, jasmine, tuberose, jonquil. 
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cassie, and migonette, occasionally to carnations, lily of the 
valley, heliotrope, elder flowers, stock, narcissus, and mimosas. 
In like manner a concrete oil is prepared from the so called 
Mousse de chene, the lichen Evernia prunastri. 

Enfleurage yields the best results with jasmine, tuberose, 
jonquil, lily of the valley, and migonette. 

Finally, the process of maceration is applied to rose, orange 
flower, violet, cassie, and lily of the valley. 

As becomes apparent, some flowers e. g. rose, cassie 
and violet, can be treated equally well either with volatile 
solvents or with warm fats. It has been known for a long 
time that jasmin and tuberose when thus treated give an un¬ 
satisfactory yield, whereas the enfleurage process gives good 
returns. 

Passy') who first called attention to this fact, gives the 
following explanation for this difference in behavior of the se¬ 
veral flowers. 

“Flowers can be divided into two classes of which the one, to which 
rose and orange flower belong, contain their perfume ready made. The other, 
to which belong jasmin and tuberose, contain either no ready made volatile 
oil or hut very little thereof. These, however, continually produce perfume 
as a part of the life process of the cells. If the flower be killed by petroleum, 
ether, or hot fat, the life process and with it the formation of volatile oil 
naturally ceases, if, however, the cut flower be placed over fat, it continues 
to live for a long time and to emanate odors which in the enfleurage pro¬ 
cess are absorbed by the fat." 

When Hesse®) tested experimentally this hypothesis he arri¬ 
ved at the surprising result that in the case of jasmin the en¬ 
fleurage process yields ten times the amount of oil yielded by 
the extraction with volatile solvents. In the case of tuberose 
the proportion is even greater. Hence the conclusion is justified 
that in the case of the jasmin and tuberose the production of 
odoriferous substances continues during the process of enfleurage, 
being absorbed as it is formed. This also proves the superiority 
of the ‘enfleurage process over that of the extraction method 
for certain flowers. For other flowers this does not hold true. 

■) Compt. rend. 1S4 (18971, 783; Bull. Soc. chim. III. 17 (1897), 519. 

h Berl. Berichte *4 (190f), 293, 2928; 88 (1903), 1465. 
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Thus, according to Hesse and Zeitschel,') tOOO ko. of orange 
blossoms yield only 100 grams of volatile-oil when submitted 
to the enfleurage process, whereas maceration yields 400 grams 
and distillation with steam 1200 grams of oil, of which, however, 
about 400 grams are dissolved in the aqueous distillate. 


A. EXTRACTION WITH VOLATILE SOLVENTS, 


The first to suggest the use of volatile solvents for the ex¬ 
traction of flowers was Robiquet. In a paper*) contributed in 
1835 he points out that some plants, such as jonquil, jasmine, 
heliotrope, and tuberose, in spite of their agreeable fragrance, 
yield no volatile oil when treated in the ordinary manner. He 
ascertained that the odoriferous principle of jonquil, could be 
obtained by extraction with ether and subsequent evaporation 
of this low-boiling solvent. A year later L. A. Buchner,*) stimu¬ 
lated by the report of Robiquet, ascertained that ether could 
also be used for the extraction of other flowers with a readily 
evanescent aroma, such as those of Philadelphus coronarius, 
Tilia eumpsea, and Peseda odorata. In 1838 Favrot*) proceeded 
in like manner with the extraction of the perfume of the Uores 
acacia (presumably the flowers of Robina pseudacacia?), also 
of the flowers of Syringa vulgaris. 

A more detailed study of the extraction of flowers with 
volatile solvents was made by Millon*) in Algiers. In addition 
to ether he recommended chloroform, carbon disulphide, wood 
alcohol and the low boiling fractions of benzin. 

*) joum. f. prakt. Chem. II. M (1901), 245. 

*) gecherches sur fsrome de k jonquiUe. )oum. de Phanti. 41 (1835), 
335; Buchner’s Repert f. d. Pharni. 54 (1835), 249; Pharm. Zentralbl. 1W5,553. 

") Veisache zur Extraktion der Bluten mit Athsr, Buchner’s Repert. f. 
d. Pharm. 56 (1836), 382. 

*) joum. de Chim. mdd. II®*, 221; Pharm, Zentralbl. 1N88, 442. 

*) Mimoire sur k nature des Parfums et aurquelques fleurs cuHlvables 
en Algirie. )oum. de Pharm. et Ctrim. III. 80 (1856), 407; Compt. rend. 48 
(1856), 197. 
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Millon placed the flowers into a percolator (appareil a diplacemeat) 
covered them with ether and renewed the menstruum after 10 to 20 minutes. 
The extract, obtained after evaporation of the ether, he kept in open con¬ 
tainers because he thought that the air acted favorably on the odoriferous 
principle. This, however, was a deception. Unless the solvent is carefully 
removed with the aid of a vacuum, mere traces of it can be detected if the 
extract is kept in closed containers. Millon was not Ignorant of the fact that 
the greater part of the extract consists of vegetable wax which is well nigh 
insoluble in alcohol. Hence he determined the amount of odoriferous sub- 
.stances by ascertaining the difference in weight of the extract before and 
after treatment with alcohol. 

Millon also pointed out that the time ol day In which the flowers are 
collected is an Important factor. Thus carnations should he gathered after 
2 to 3 hours of intensive .sunshine, ro.ses in the morning .after they arc fully 
blown, jasmine before sunrise. To a sensiHve nose cassie flowers have a 
different odor according to the time of their collection, morning, noon or eve¬ 
ning. Millon recommends that the following flowers be extracted: orange 
blossom, tuberose, heliotrope, stock <ind narcissus. 

The sub.stitution of petroleum ether for ether, a practice now 
in common use, was suggested by H. Hirzel') of Leipzig. His ap¬ 
paratus constructed for this purpose, were patented as early as 
1864 in France, England, Austria, and several of the German states. 
The problem of utilizing on a technical scale the extraction with 
ether, carbon disulphide, chloroform, and petroleum ether, was 
developed about the same time by A. Fiver.'-) The use of methyl 
chloride as a solvent was recommended by Camille Vincent.") 

In the early seventies, Louis Roure') devised a method for 
the preparation of the so called essences concretes, concentrated 
alcoholic perfumes, obtained by extraction. These were exhibited 
at the Vienna Exposition in 1873. A very complicated apparatus 
was patented by Laurent Naudin'’) in 1875. This permitted of 
the vacuum distillation of the solvent charged with the perfume. 

However, it is only since the last 25 to 30 years that the 
method of floral extraction with volatile solvents has found in¬ 
dustrial application. It was at that time that Massignon in Cannes 
erected a battery of extraction apparatus simitar to the diffusion 
apparatus employed in sugar factories. The solvent saturated 

*) HirzeTs Tnilettep-Chemiv, III. ed. Leipzig 1874, p. 77. 

'T Ibidem p. 79. 

•■') Piesse, Cliimie des pariums. 1903, p. 69. 

*) Berichte von Roure-Bertrand Fils October 1900, 27. 

'I Bull. Soc. chim. II. Ok (1882), 586 to 600. 
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with the perfume was evaporated in a vacuum still. As menstruum 
Massignon first used ether, carbon disulphide, methyl chloride, and 
benzene. Finally he arrived at the conclusion that a petroleum 
ether of the specific gravity 0,650 was best suited. Later Mas¬ 
signon sold his factory and his patents to Ldon Chin's. Gradually 
other factories were equipped with extraction batteries. At the 
present time there are about 15 larger establishments of this kind 
in Grasse. In joffa. Gamier erected a factory for the extraction 
of cassic flowers, and in Kara-Sarlii near Karlova in Bulgaria, 
another for the treatment of roses according to the extraction 
method. Recently a factory has been established for the ex¬ 
traction of cassie flowers and of other flowers cultivated in the 
island for this purpose. 

Practically the process of extraction with volatile solvents 
resolves itself into four steps: 

1. Selection and purification of the solvent. 

2. The sy.stematic extraction of the flowers. 

3. Evaporation of the solvent and production of the vege¬ 
table wax saturated with perfume (cire parfumee). 

4. Recovery of the solvent. 

1. Selection and Purification of the Solvent. The sol¬ 
vent most commonly used is petroleum ether of a specific gravity 
0,650 (15 '). It is purified by consecutive treatment with sulphuric 
acid and caustic soda, washing with water and rectification with 
the aid of a column in a still over solid paraffin for the purpose 
of removing the ligther as well as the heavier fractions. Less 
frequently benzene is used since it has the disadvantage of yield¬ 
ing a highly colored extract. Carbon disulphide is not serviceable 
since the extract always retains some of the disagreeable odor 
of the solvent. Neither has carbon tetrachloride maintained itself. 
The highprice of ether stands in the way of its general use. 

2. The systematic extraction of the flowers. The ex¬ 
tractors of the mounted extraction batteries are cylindrical 
vessels, varying in size, but usually of about 500 liter capacity. 
They contain 3 or 4 low cylinders made of wire gause or of 
perforated tin, one placed over the other. The extractors are 
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airtight and sealed with a removable cover. The batteries are 
mounted in one of several ways; either the extractors are all 
on a level in a circle or a row (fig. 56, p. 254), or in two tiers 
one over the other (fig. 54, p. 252). With the aid of a pump, 
the solvent can be passed from one extractor to another. 

As a rule, 3 to 4 extractions are made within 24 hours. Hence’ 
the menstruum remains in contact with the flowers from 6 to 8 hours. 
Then the flowers are replaced by fresh ones. However, during 
the height of the harvest the flowers in the extractors are replaced 
every 8, or even every 4 to 5 hours. ■ This hastening of the process, 
however, results in an imperfect extraction. 

As a rule, each batch of flowers is extracted three times, 
more rarely twice or four times. For the third (or last) extraction 
fresh petroleum ether is used, for the second such which has 
served for a former third extraction, and for the first extraction 
(/. e. for fresh flowers) the menstruum which has once served 
for a second and once for a third extraction. The percolate of 
each extraction is collected in a separate receiver. 

Whether the same batch of flowers is to be extracted two, 
three, or four times, or even oftener depends upon the nature 
of the flowers to be extracted and on the views of the manu¬ 
facturer. There exists also a difference of opinion as to how 
often the same petroleum ether can be used before it is to be 
recovered by distillation. 

In order to increase the yield, the extractors have been so 
constructed in several instances as to enable their being warmed. 
This has resulted in a larger yield of wax but not of odoriferous 
constituents. 

3. Evaporation of the solvent. The manufacturer opera¬ 
tes one or several stills under ordinary pressure or in vacuum. 
As a rule the bulk of the solvent is recovered in a large still 
under atmospheric pressure until the temperature has reached 
a point that would prove detrimental to the h'neness of the per¬ 
fume. The distillation is then continued in a vacuum still and 
finally concluded in a glass flask. 

The last traces of solvent are removed by passing smalt 
amounts of alcohol into the molten wax thus causing a violent 
ebullition. 
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The floral extracts thus obtained are designated "concrel 
oils" (essences concrkes). The alcoholic extracts prepared froi 
these, according to the method described below, are known a 
floral extracts (Ger. Bluten extraits; Fr. extraits aux tieurs, 
the pure oils remaining after the removal of the alcohol quin 
essences.') 

4. Recovery of the solvent. On account of the expens 
of the solvent, suitable devices are provided to prevent losi 
Hence long and well cooled, spirals are used to condense tb 
vapors from the stills, the extractors and the reservoirs. Th 
ejectors of the vacuum pump must also be provided with a 
efficient condenser. If the process is conducted without a vi 
cuum, the petroleum ether losses are less, but evaporation undt 
atmospheric pressure, as already pointed out, results in an in 
pairment of the fragrance of some of the floral constituents. 

The solvent adhering to the flowers after their extractio 
is recovered by passing steam through the extractors which, f( 
this purpose, are connected with the condensers; or by tram 
ferring the flowers to a still from which the solvent is reci 
vered by steam, 

Yieid. The yield varies greatly according to the solvent 
and temperature employed, also according to the duration of 
the extraction. 

At ordinary temperature, petroleum ether yields for every 
kilo of flowers the following amounts of concrete oils. 


Victoria violets .... 

. ... 1,5 

to 

1,8 

e 

Roses. 

. ... 1,7 

t»‘ 

2,5 

If 

Orange flowers .... 

.... 2,0 

t( 

4,0 

It 

Jasmine. 

. ... 1,6 

91 

2,25 

11 

Cassie. 

.... 3,5 

19 

5,0 

11 

Mignonette. 

. ... 1,3 

11 

1,5 

11 


Removai ol the plant wax Irom the concrete oils. For 
this purpose the essences concretes, i. e. the extracts obtained 
by percolation and subsequent evaporation of the solvent, are 
shaken for several days with strong alcohol, preferably in shak¬ 
ing machines (batteuses). The alcoholic solution, after being 

’) jeancard et Satie, Abrigi de la Oiimie da Partums. Paris 1904, p. 12. 
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separated from the insoluble wax, is cooled for some time to O’. 
This causes the separation of the dissolved wax, which is rem¬ 
oved by filtration. To the alcoholic filtrate a solution of com¬ 
mon salt is added, and the perfume, which has risen to the 
surface, is separated. If necessary, the last traces of alcohol 
arc removed with the aid of a vacuum. 

In as much as the plant wax when shaken with alcohol 
agglutinates to a magma from which the perfume is extracted 

, I' 


s 



with difficulty, Massignon') has suggested to mix it with a very 
hard and odorless mineral wax, thus yielding a mass that can 
be broken up in a mortar. The particles then remain suspended 
in the alcohol and are more readily extracted by it. 

DESCRIPTION AND OPERATION OF THE EXTRACTION 
BATTERY REPRESENTED BY FIG. 54, P. 252. 

In the above plan the extractors are marked f, and fj. They have 
a capacity of about 5001. and are divided into compartments by means of 3 
to 4 false bottoms of perforated tin or by means of wire baskets. The air tlRht 

') P. leancard. Volatile solvents applied to flowers. Americ. Perfumer I 
(IW), 10. 
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covers are provided wifli two pipes: one of these is used for introducioR the sol¬ 
vent, the other for ventilation. The ends of the pipes are flexible and can be screwed 
to the cover. The bottom of the extractor is slightly conical thus admitting of 
a complete evacuation of the extract through the pipe fastened to Its center. 

S is a condenser in which the vapors that might otherwise escape are 
liquified. The condensate collects at V and flows into the reservoir /?,. 



fig. 

Side view of an extraction battery by Deroy Fils Aind, Paris. 


Vapors that have not been condensed as well as air escape through a. Si 
and S" are the respective condensers for the stills A and At. 

A is a larger still for distillation under atmospheric pressure. It is 
provided with a glass tube indicating the height of the liquid and with a 
thermometer. The distillate passes through the condenser Si, into the re¬ 
servoir /^t. The residue is allowed to flow into the container /?”. 

AI is a vacuum still which can be heated by means of a water bath. 
It is Ailed by auction from R". The recovered solvent collects in R'" from 
which it is pumped to the larger reservoirs. 
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Sectional front vien of an extraction battery by Deroy Pils Aind, Paris. 
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Ht, Rt, Ri are reservoirs of about 2000 I. capacity provided 
with Riass tubes .showing the height of the contents and with ventilation 
tubes. With the aid of a pump the contents can be transferred to the 
extractors. 

The extractors are filled from R' which is provided with an overflow 
into which the solvent is pumped from the other reservoirs with the aid 
of pump P. 

The pipes are indicated hy heavy lines. All parts of the battery and 
the intersections of the pipes are provided with one-way or several-way 
stopcocks. 


The purified solvent passes through pipe K into the re,servoirs R,, Ra, 
/?,, which are filled to about '/■. of their capacity. The flowers are then 



placed on the false bottoms in the extractors f, the covers are placed in 
position, the influx and ventilation pipes are adjusted, and the solvent is 
allowed to flow from R' into the extractors £i until the flowers are comple¬ 
tely covered. The three extractors E, are next filled and the flowers are 
covered with the percolate of the upper tier of extractors, the flowers of 
which are covered with fresh solvent. In this manner the flowers are com¬ 
monly extracted three times in succession. These three extractions are made 
within 24 hours, but in the rush of the floral harvest are sometimes made 
in S hours, or even in 4 to 5 hours. 

The percolate of each extraction is stored away separately, reservoir Ri, 
containing the first percolate. After the petroleum ether has been sufficiently 
saturated with perfume it is recovered first by distillation in the still A, then 
under diminished pressure in Ai, and finally in a glass flask. 

The exhausted flowers are allowed to drain well. The menstruum still 
adhering to them is recovered by steam distillation in the large stilt. 
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DESCRIPTION OF GARNIER’S APPARATUS FOR THE 
EXTRACTION OF FLOWERS. 

Eigures 58 to 60 illustrate an apparatus constructed by Gamier*) lor 
the extraction of flowers. It consists of a stationary outer cylinder, (figs. 58 
and 59) which at 2 is provided wifli a manhole that can be hermetically 
sealed. Within there is a drum that revolves about the shaft 3 (fig, 58), 
that passes through the outer cylinder at 5 and rests upon supports at 4. 

The end pieces of the inner drum has twelve circular openings 7 near 
the circumference (fig. 60). Each of these openings is connected with the 
corresponding one at the opposite end of the drum by means of a circle 
of rods which effect a hollow cylinder. Into these hollow cylinders, of 



r«. 5«. 

Transverse section of Carnier's 
extraction apparatus. 


7 



r 


Fit. SO. 

Transverse section of the inner drum 
of Garnier's extraction apparatus. 


which each drum has twelve, cylindrical baskets t3 of perforated tin can 
be placed (fig. 58). 

The power which is transmittet by cogwheels at 11 put the drum into 
rotary motion. By means of a spiral tube 12 the liquid in the outer cylinder 
can be gently heated. The tube 16 connects the apparatus with a condenser 17, 
hence it can be used as a still. 

Operation begins by introducing the cylindrical baskets 13 filled with 
flowers, through the man hole 2 (fig. 59) into the drum. Enough solvent, pe¬ 
troleum ether, is then introduced through the funnel 14 (fig. 58) so that the 
lowest flower basket is completely covered thereby. The drum being revol¬ 
ved causes the baskets one after the other to be dipped into the solvent 
The flowers having been exhausted, the extract is withdrawn by means of 
a stopcock 18. Steam is then passed through the apparatus in order to 
recover any solvent adhering to the flowers. 

') Comp. p. 249. 


GiiDexeisrea. The vounie oiu. 
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B. EXTRACTION WITH NON-VOLATILE 
SOLVENTS. 


I. Without the aid of heaT; absorption or ehfleurage A froid. 

The absorption method, known as enlleurage, applied to 
those flowers which continue to produce volatile oil even after 
they have been removed form the stem (p. 246), depends on 
the capacity of fats or fatty oils to absorb the oil volatilized 
by the flowers and to hold it. This process is carried out in 
a relatively primitive manner. As already stated on p. 246, it 
is applied to jasmine, tuberose, jonquil, lily of the valley, and 
mignonette. 

For the purpose of enfleurage, so called chassis are used. 
These are wooden frames 5 cm high and 50 to 80 cm square. 
A glass plate is supported in the middle of the frame. On either 
side of this glass plate a layer of fat about 3 mm in thickness 
is spread in such a manner as to leave a margin 4 cm wide 
(fig. 61, p. 259). The flowers, deprived of their calices, are then 
spread over this layer of fat (enileurer) (fig. 62, p. 261). In 
order to enlarge the surface of the fat exposed to the flowers 
criss cross furrows arc drawn through it with the aid of a spa¬ 
tula. Thirty-five to forty of the chassis thus prepared arc piled 
one on top of the other to the height of a man. As a result 
the flowers are enclosed in small chambers, as it were, between 
two layers of fat, which absorbs the aroma. The length of ex¬ 
posure depends on the kind of flower: jasmin 24 hours, jonquil 
48 hours, tuberose 72 hours. Moreover, the last mentioned are 
placed on fat in the unopened stage and are allowed to expand 
while resting on the fat. If they are placed on the chassis fully 
developed they are spoiled by the next day (pourri). After the 
flowers have remained on the fat for the requisite length of 
time, they are removed by a rap on the frame or with the aid 
of the fingers (defleurer) (fig. 62, p. 261). The ch^sis are 
then charged anew but this time on the other side so that 
the flowers now rest on the layer of fat which in the previous 
exposure was the upper one, thus producing a more even 
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' Spreadhtc^ the Uy^ ^ fat on chiUais des cMss«^. Rarfumeries de Seillans, D6p. du Var, 
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charging of the fat with perfume. This process can be repeated 
as often as desired until the fat has absorbed a sufficient 
amount of oil. The price of the pomade (Pommade franfaise) 
depends on the number of exposures. As a rule the fat is ex¬ 
posed 30 times. 

The production of a good pomade depends first of all on 
the character of the fat which must be purified with great care. 
In as much as lard is too soft and beef fat too hard, a mixture 
of both is commonly used for enfleurage, e. g. 40 parts of beef 
fat and 60 parts of lard. During the hottest months a mixture 
of equal parts of both is used. The fat of recently killed ani¬ 
mals is cut into pieces and all impure or malodorus parts are 
removed. The good parts are then further reduced and rendered 
in a special apparatus, the tissues and other impurities being 
removed. In order to remove traces of blood, the mass thus 
resulting is ground between mill stones with the aid of water 
until the latter remains clear. The fat is next melted at the 
lowest possible temperature in a jacketed steam pan and alum 
is added. The alum facilitates the coagulation of impurities which 
rise to the surface and can be removed with the aid of a skimming 
spoon. The molten mass is allowed to stand for several days, 
the separated water is removed and the fat strained through 
linen. The fat thus obtained is preserved in one of several ways. 
The fat is digested for an hour with gum benzoes (about 1 to 
3g for each kilo of fat)*) and either orange flowers (according 
to Fillet 250 g for each kilo of fat)®) or, less frequently, with 
rose water (about 40 g for each kilo of fat). This mixture is 
then allowed to stand for several hours and the fat, freed 
from water drawn, into the containers. This is done in May 
at the time of the orange flower harvest. The fat thus 
prepared (le corps prepare) is said to be very stable. Oc¬ 
casionally a simpler method is employed. The purified fat is 
digested with gum benzoes (axonge bemoinee) or with tolu 


*) Comp. S. Piesse, Oiimie des Paiiiims. Paris 1897. pp. 59,60; ).-P. Dur- 
velle, Fabricatfon das Essences et des Patiums. Paris 1908. p. 77. Set 
also leancard et Satie, l^berches analytiqaes sur guelques essences de 
jasmin [Bull. &c. chim. III. « (1900), 555] and Hesse, Ober Mberisebes 
lasminblSIenOl [Berl. Berichtc S4 (1901), 291). 

•) Report of Schimmel 6 Co. Oktober 1900, 37. 




Rr «!. 

Enfleuraee (to the left) and ddneurage (to the right). Against the walls the piles of chassis 
P«*Hmeries de Seillans. Ddo. du Var. Southern France. 
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balsam (axonge toluinee) or for a few moments only with 
poplar buds (axonge populinee). 

The process here described is used almost universally. In 
a few instances only other “fat bodies” have been used, viz., 
olive oil or paraffin oil. These also must be of the very best 
quality, but do not have to be “prepared". Formerly behen oil 
(from Moringa pterygosperma, G®rtn.) was used extensively in 
southern France. It does not readily become rancid, but an ex¬ 
cessive duty now prohibits its use.') 

Paraffin enjoys the advantage over fats because of its inde¬ 
finite keeping qualities, but is little used for the reason men¬ 
tioned below. When liquid oils are used, the glass plates of the 
chassis arc replaced by wire screens, which serve as supports 
for woolen cloths saturated with the oil in question. The flowers 
are strewn on these cloths. The process is otherwise as de¬ 
scribed above. The perfumed oil, huile frangaise, huile par- 
lumee, huile antique, is finally expressed from the cloths by 
means of hydraulic presses. The pure oil is obtained from the 
pomade or from the huile Iranqaise as from the concrete oils. 
The pomade is extracted with strong alcohol, either in flasks 
by continuous shaking or in factories with the aid of special 
stirring apparatus illustrated in fig. 64. The cylindrical vessels 
are supplied with mechanical stirring apparatus which cause 
the fat and alcohol to be intimately mixed. Here also the last 
traces of fat are removed by freezing. From the extraits aux 
fleurs thus prepared, the essences are obtained by removal 
of the alcohol.-) 

The residual fat is no longer suited to enficurage and, as 
corps epuise finds its way into the soap industry. The waste 
flowers are used cither as fertilizer, or occasionally for the pro¬ 
duction of essences concretes. 

According to Hesse") the cnfleuragc with fat is preferable 
in every way to that with paraffin oil. Comparative experiments 
have revealed that paraffin has a much lower absorption capa¬ 
city for odoriferous substances than fat, hence causing a much 


') Hechel, Rev. cultures coloniaies 4 (1901), 258. 

*) leancard and Satie, Abrtgi de la Chimie des Partams. Paris 1904. p. t3. 
•) Berl. Berichte S4 (1901), 293H. 
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lower yield. Thus the enfleurage of 1000 kilo of jasmine flowers 
with fat yielded 1684 g of ethereal oil, whereas enfleurage with 
paraffin yielded but 1053 g oil.') 

Pneumatic method, in the course of time a number of so called 
improvements of the enlleurape process have been tried, however, with but 
little or no success. Best known of these is the “pneumatic method" of 
A. hiver.*) It consists in passing a current oi air, or better still of indifferent 
carbon dioxide ICO.) over the flowers and then ihrouph the absorption liquid 
tliquid fat or alcohol). The current of air carries with it the volatile sub- 
stances exhaled by the flowers and in turn Rives them oil to the liquid. The 
appar,itus is so constructed that the gas passes ihrouph it, several times. The 
apparatus possesses the theoretical advantaee that the fat does not come into 
contact with the flowers, thus avoidmR loss of fat. .Moreover, the use ol 
fat can be circumvented since the cMrdils am tleiin, can be prepared directly. 
Hraclically, however, the process does not appear to have been used. 


2. E.XTHACTION WITH NON-VOLATILE SOLVENTS 
WITH THE All) OE HEAT; 

INEUSION, MACEItATION OH CNEI.EURAGE A CHAUD. 

As a means of extraction purified animal and vegetable 
fats such as beef fat, lard, olive oil, sometimes al.so paraffin oil 
(comp. p. 260) arc used in this process. Paraffin oil, as already 
mentioned under the enfleurage process, is less adapted since 
it has a lesser absorption capacity for perfumes than have the 
fats. However, even .solid paraffin (m. p. 66) is occasionally 
used. With its aid products arc obtained which remain solid 
even in the tropics, hence do not require special containers for 
shipment. 

The flowers to be extracted either, in bulk or tied into sacks 
made of fine linen, arc immersed in the fat heated to about 
50 to 70 '. The time of extraction varies with the plant materials 
and lasts up to 48 hours. The fineness of the aroma of the pomade 
is inverse to the time of exposure of the flowers to the action 
of the fat. If prolonged unduly, other odoriferous substances that 

') According to He.sse, the extraction of tOOO g of jasmin flowers with 
petroleum ether yields only 178 g ol volatile oil. Comp. Bert. Berichte IB 
IIOOO), t,m 

') Fiver's absorption apparatus is illustrated in Wagner's {ahresbericht 
|s»4, p. W. 
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interfere with the quality of the perfume are also absorbed. The 
extraction being completed, the fat is expressed from the flowers 
with the aid either of hydraulic presses or of centrifuges (fig. 65, 
p. 267). The recovered, partly aromatized fat is treated with 
fresh flowers. This is repeated ten to fifteen times') until the 
fat has acquired the desired strength as to odor. The floral ex¬ 
tracts thus obtained are known by the same names as those 
obtained by the cnfleuragc process and are treated in like manner 
for the separation of the volatile oil. Here also the recovered 
fal, the corps epuisc, is not used again in the perfume factory 
but finds its way into the soap industry. 

This process is applied to violets, roses, orange blossoms, 
lilies of the valley, fl|c., whereas jasmine, tuberose, and jonquil 
are not thus treated because of their small yield. 

') Accoriiini! to UhW the avcMsc is 6 to 8 times. It. Ubbe, issa/s 
tlvs / link's essenifvllvs. Paris, p. 11. 
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Apparatus for maceration and separation of the fat from tiie flowers by means 
of centrifuges. Schlmmel £i Co. 

















PRINCIPAL CONSTITUENTS OF 
VOLATILE OILS. 


NATURAL AND ARTIFICIAL PERFUMES. 




The volatile oils are widely distributed in the vegetable king¬ 
dom, more particularly among the phanerogams, However, volatile 
oils have also been isolated from several of the cryptogams. 

In most cases the oils exist preformed in the various organs 
of the plant, the leaves, flowers, fruits, stems and roots. They 
occur secreted cither in glands or in canal-like, intercellular 
receptacles. Only a lew arc formed by hydrolysis during the 
process of preparation from other substances in the plant, e.g. 
bitter almond oil from amygdalin, mustard oil from sinigrin. 
Nothing definite is known with regard to their function or their 
relation to the other constituents of the plant organism. It 
appears, however, to be well established that they are excretions 
formed during the life process of the plant, which are of no 
further importance in the processes of metabolism. It does not 
follow from this that they are therefore useless, for they act as 
a means of attracting insects that bring about fertilization, they 
also protect plants against enemies. These oils are not definite 
chemical units, but mixtures of substances belonging to many 
series and classes of compounds. 

Not infrequently the oils obtained from different organs of 
the same plant differ in their chemical composition and in con¬ 
sequence reveal more or less striking differences in their pro¬ 
perties. Thus the oil obtained from the root of the cinnamon 
shrub differs greatly in its composition from that of the bark, 
which in turn bears but little resemblance to that from the leaves. 
Moreover, the oils obtained from the same parts of the same 
species often reveal considerable differences, which are explained 
by differences in the stage of development of those parts, or 
by differences in the conditions of climate and soil. Even from 
identical material, different oils can be obtained by variation in 
the method of distillation. 
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Among the various constituents of an oil, one frequently 
attracts attention as the principal bearer of the odor. In many 
instances this constituent is the most valuable. The desire to 
obtain it in a concentrated and pure form may have given the 
first impetus to the scientific investigation of essential oils. So 
long as organic chemistry was in its infancy, these investigations 
could not be crowned with great success. Only after the me¬ 
thods of investigation had been improved hand in hand with the 
progress of science, was an Insight into the nature of volatile 
oils obtainable. This Insight revealed the fact that the oils are 
as a rule mixtures of a number of complex substances. How 
systematic research, more particularly in recent decades has 
afforded an insight into this field, has been revealed in the his¬ 
torical part. In the following pages the results of investigations 
are to be recorded so far as they concern the better character¬ 
ized constituents found in volatile oils. Occasionally reference 
will also be made to substances that have been obtained only 
by synthe.sis. For reasons readily apparent a detailed account 
of their chemical behavior had to be omitted. Only those pro¬ 
perties that pertain to their isolation, recognition and identifi¬ 
cation arc enumerated. For further information the larger hand¬ 
books of organic chemistry will have to be consulted. To all 
who are concerned with the scientific investigation of volatile 
oils, the classic work of Otto Wallach') "Terpene und Campher", 
also the detailed handbook of Scmmler*) will prove particularly 
useful. The latter affords a ready oversight over the enormous 
literature on the constituents of volatile oils, and discusses in 
detail all constituents found in volatile oils and not only particular 
classes of compounds. 

The analysis of a volatile oil is difficult because most of 
the constituents are liquid, and can, therefore, be separated only 
by fractional distillation. This operation, imperfect at best, is 
often rendered more unsatisfactory by the fact that certain con¬ 
stituents are not volatile without decomposition. For this and 

') 0. WalUch, Terpene and Ciimpher. Zusmmenfassang eigener 
Vntmuahangen a. d. Gfbit'le der alicycliachea Kohkmtottyerbindungen. 
UipziR iwa. 

') F. W. Semmler, Die SIherischen Oh nach ihrtn chemiadKn Be- 
.diwdteilen. leip/ig 1906 1907. 
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other reasons it is best to subject an oil to a preliminary exa¬ 
mination, the results of which often suggest modifications which 
simplify the examination considerably. The preliminary examina¬ 
tion consists primarily in the determination of the physical pro¬ 
perties of the oil and of its elementary composition; also in a 
study of the behavior of the oil toward certain group reagents, 
whereby the presence or absence of certain classes of chemical 
compounds can be ascertained. 

Of the physical constants, the specific gravity, the optical 
properties and the behavior of an oil toward heat and cold allow 
conclusions to be drawn as to its composition. A specific gravity, 
e. g. of less than 0,90 indicates the presence of a large amount 
of terpenes or of compounds of the fatty scries. The oil of 
Pinus Sabiniana with d,, - 0,70, heracleum oil with d„, 0,80 

to 0,88 and oil of rue with d,., 0,833 to 0,840 belong to those 

with a very low specific gravity. These consist mainly of de¬ 
rivatives of the fatty series. Oil of orange, sp. gr. 0,848 to 
0,857, consists largely of the terpene limonene; turpentine oil, 
with a specific gravity of 0,850 to 0,875, almost completely of 
hydrocarbons C|,|H|, of the terpene series. A specific gravity 
higher than 0,90, as is the case with most oils, indicates a mix¬ 
ture of several classes of compounds; whereas a specific gravity 
of more than 1,0 indicates the presence of compounds of the 
aromatic series, or if the compound contains sulphur or nitrogen, 
of sulphides, nitriles or Tsosulphocyanides. 

The optical properties, rotation and refraction, arc of less 
importance unless pure chemical compounds arc to be examined 
or adulterations to be looked for. The optical activity of an oil 
indicates the presence of a compound or compounds with one 
or more asymmetric carbon atoms; a high index of refraction 
the presence of a substance or substances with double bonds, thus 
enabling the investigator to draw conclusions as to the presence 
of aliphatic, cyclic or dicyclic compounds. 

When exposed to low temperatures, a number of oils de¬ 
posit one or more of their constituents in crystalline form. Some 
oils, like rose oil, contain crystals even at ordinary temperature, 
others, like orris oil and oil of ambrette seeds arc butyraceous 
in consistency. These substances have been designated stearop- 
tenes or camphors and are paraffins, higher members of the 

CiLDOcmtii, The voiatile oils 18 
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series of fatty acids, such as lauric, myristic and pafmitic acids, 
and derivatives of aromatic and hydroaromatic hydrocarbons. 
As an exception the methyl nonyl ketone of oil of rue should 
be mentioned. 

Most oils, in case they can be distilled under ordinary pressure 
without decomposition, begin to boil above 150". Exceptions to 
this rule arc e. g. those containing sulphur, and such volatile oils 
which, like the distillation product of the turpentine from Pinus 
Sahiniana or the oil of Pittosporum rvsiniferum, contain low 
boiling hydrocarbons of the paraffin or olefin series. In the ab¬ 
sence of oxygenated constituents, a boiling point below 200" 
indicates the presence of terpencs, between 250 and 280" that of 
sesquiterpenes, above 300' of polyterpencs. 

In their elementary composition the volatile oils do not mani¬ 
fest great variety. All contain carbon and hydrogen; most of 
them al.so contain oxygen in larger or smaller quantity; few 
contain nitrogen or sulphur, or both. The presence or absence of 
oxygen can be determined by elementary analysis only. The pre¬ 
sence of only a small amount of this clement, up to 5 p. c., indica¬ 
tes a high hydrocarbon content. The presence of sulphur, which can 
be oxidi/cd in scaled tubes to .sulphuric acid by means of con¬ 
centrated nitric acid indicates mustard oils, sulphides, or poly- 
sulphides. Nitrogenous compounds are converted into cyanides 
hy heating with metallic sodium or potassium and arc recognized 
by means of the Prussian blue reaction. The nitrogen content of 
an oil is mostly due to nitriles. If sulphur is also found, mustard 
oils are present which, as a rule, betray their presence by their 
characteristic odor. 

After the elementary composition of an oil has been ascer¬ 
tained, a few group reagents can be applied to learn whether 
special attention should be given to one class or another of 
chemical compounds. 

If an oil shows an acid reaction, it contains acids or phenols. 
Small amounts of fatty acids occur occassionally as decomposi¬ 
tion products of esters present. Larger amounts reveal their 
presence hy the diminution of volume when the oil is shaken 
with an aqueous solution of caustic or carbonated alkali. The 
presence of an ester or lactone can be ascertained when an oil 
is heated with alcoholic potassa of known strength and titrated 
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back with standard acid. This test presupposes the absence 
of free acids and aldehydes. Alcohols can be converted into 
acetic esters by heating the oil with acetic acid anhydride. Sub¬ 
sequent saponification will then reveal the presence or absence 
of an alcohol in the oil. Aldehydes and ketones can be recog¬ 
nized by their addition products with alkali bisulphites, or by 
their condensation products with hydroxylaniine or scmicarbazide 
in aqueous alcoholic solution. The latter contain nitrogen and 
as a rule are difficulty volatile with water vapor. Ethers, which 
are sometimes present as phenol ethers, can be recognized by 
means of Zeisel’s method. 

After these preliminary tests have revealed the presence of 
a substance belonging to one of the above mentioned classes, 
it is sometimes possible to separate it without fractional distil¬ 
lation; provided, however, that this method of separation does 
not change the other constituents of the oil. The analysis of 
the oil having been thus simplified, fractionation of the non-reac¬ 
ting portion can be resorted to. It should also be noted that 
these methods of separation never effect a perfect isolation be- 
cau.se the other con.stitucnts of the oil prevent a part of the sub¬ 
stance to be isolated from reacting. When, therefore, the non- 
reacting portion of the oil is fractionated small amounts of this 
substance should not be overlooked. Thus it is possible with 
these group reagents to separate aldehydes and many ketones 
with acid sulphite solution-a reaction that can at times be fa¬ 
cilitated by the additiori of alcohol. The crystalline addition pro¬ 
duct is washed with alcohol and ether and the aldehyde or ketone 
regenerated by the addition of alkali or dilute acid. Pree acids 
and phenols can be shaken out with aqueous alkali; indifferent 
substances are then removed from the aqueous solution by shaking 
it with ether, and then the acid or phenol is set free with dilute 
mineral acid. If acids and phenols are both present, the former 
are separated with carbonate solution. Basic substances, such 
as indole and anthranilic esters can be separated by shaking out 
with dilute acids. Lactones yield salts of the corresponding 
hydroxyacids when heated with alcoholic potassa. They are 
precipitated from the alkaline solution as lactones or hydroxy¬ 
acids by the addition of a mineral acid. Esters if present are 
saponified by this treatment with alkali. Aldehydes and ketones, 

18 * 
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however, are modified thereby and at times destroyed. Sulphur 
derivatives can often be isolated in the form of their mercury 
compounds or as thioureas. 

If none of these short cuts is possible, the oil is fractionated 
cither under ordinary or diminished pressure. If esters are pre¬ 
sent, the oil is fir.sl .saponified. It may be taken for granted 
th,it the apparatus to be used and tlic methods to be employed 
are known. A good guide for di.stillalion under diminished 
pre.ssure will be found in a small monograph on this subject by 
An.schiit/.') The various fr.ictions obtained upon a careful frac¬ 
tionation arc examined for compounds, in part according to the 
methods already mentioned. A trained sense of smell will prove 
an important additional factoi. Suspected compounds are, if 
possible, converted into cry.stallinc derivatives and thus purified 
and identified. 

Ketones that will not combine with acid sulphites, such as 
menthone, camphor, fenchone, carvonc, arc converted into oximes 
or semicarba/oncs. Inasmuch as the oximes frequently suffer 
rearrangement with acids, the seiuicai bazones are at times to be 
prelcried because the ketones can in most cases be regenerated. 
Certain ketones, such as carvone and pulcgonc, can be separated 
by means ol their sodium sulphite compounds. 

Alcohols are characterized by their capacity to form esters, 
also phcnyluretlmnes with phenyhsocyanatc (carbanil). They can 
be piuified by means of difficultly volatile esters of monobasic 
acids, such .is benzoic acid; or by means of acid esters of di¬ 
basic acids, such as succinic acid, phthalic acid, etc. Some of 
the piimary alcohols can also be purified by converting them 
into calcium chloride .addition products from which they are 
easily regenerated by means of water. 

hrom the hydrocarbons traces of oxygenated compounds can 
be removed by repeated treatment with metallic sodium. If low 
boiling hydrocarbons arc to be distilled under diminished pressure, 
a liquid alloy of pot.assium and sodium is preferable. 

As to the compounds themselves that arc found in volatile 
oils, they belong in part to the aliphatic, in part to the aromatic 
and hydroaroinatic series and are distributed over a large 

h Dk Destilhlion milei ivrmiiiJcrtem liruck. 2. cd. Bonn 18d5. 
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number of classes. The hydrocarbons, especially those of the 
formula are widely distributed. Of greater importance, 
however, are the oxygenated substances, because they arc mostly 
the bearers of the characteristic odor of the oil in which they 
arc contained. In addition to the hydrocarbons there have been 
found alcohols, aldehydes, acids, esters, ketones, phenols, phenol- 
ethers, lactones, quinoncs, and oxides; further, ba-scs, sulphides, 
mcrcaptancs, nitriles, and /sothiocyanates. 


HYDROCARBOMS. 

A. ALIPHATIC HYDROCARBONS. 

The lowest member of the limit scries of hydrocarbons 
which has been found in volatile oils is the normal 
heptane, C;H|„ (b. p. 98,5 to 99 ; d,,, 0,6880), In addition to 
minimal amounts of other substances, it has been obtained by 
the distillation of the olcore-sin of Pinus Sabiniana and P. Jefireyi, 
both of which arc found in California, also by the distillation of 
the fruits of Pittospomm resinikrum. 

The higher members of the paraffin, and probably of the 
olefin scries also, appear to be quite widely distributed in the 
vegetable kingdom. They constitute the wax-like coating and 
secretions on leaves, flowers, fruits etc. In volatile oils, however, 
they arc not met with commonly because of their sparing vola¬ 
tility. Sometimes they separate in crystalline form when the oil 
is exposed to a low temperature, or they remain behind upon 
fractional distillation. In the oils of rose and chamomile, however, 
the amount of paraffin is so large, that the oil congeals even 
at middle temperature. Apparently these hydrocarbons seldom 
occur alone, but as mixtures of homologues as has been shown 
in the case of rose oil. Their melting- points seldom if ever 
agree with those of known members of the series. With the 
exception of the heptane referred to, they are obtained principally 
as white, colorless, laminar-crystalline masses which are with 
difficulty soluble in cold alcohol, but readily soluble in hot alcohol 
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ind other organic solvents. They are remarkable on account 
)f their stability toward concentrated acids and oxidizing agents 
It ordinary temperatures. 

The rose oil stearoptene melts at 35 and, when distilled in 
I vacuum, can be resolved into two fractions melting at 22“ and 
■0-41' respectively. In addition to this solid mixture, paraffin 
or olefin) hydrocarbons have been found more particularly in 
he oils distilled from flowers. The paraffins thus far isolated 


ire recorded, with their melting points, in the following table: 

Oil of lixinphria Galanga .m. p. 10’ 

Oil of poplar buds, a mixture of homo¬ 
logous paiaffins with the melting 
points 53 to 54 , 57 to 58 , 62 to 63', 67 to 68“ 

Oil of hirch buds.m. p. 50 

Oil of hemp.m, p. 63 to 64 ’ 

Oil of sassafras leaves.m, p. 58' 

Oil of pelargonium.m. p. 63' 

Oil of jaborandi leaves.m. p. 28 to 20 

Oil of ncroli (aurade).m. p. 55 ’ 

Oil of Lvodia simplex .m. p. 80 to 81' 

Oil of several Cktus species.m. p. 64 

Oil of caraway herb .m. p. 64" 

Oil of dill.m. p. 64' 

Oil of wintergreen (both Uetula and Gaiil- 

theria) .m. p. 65,5' 

Oil of verbena.m. p. 62,5 ’ 

Oil of HeUchrysum angustUoUum .m. p. 67" 

Oil of Roman chamomile.m. p. 63 to 64’ 

Oil of German chamomile.m. p. 53 to 54' 

Oil of Chrysanlhcmum dnerarixioUum . m. p. 64’ 

Oil of arnica flowers.m. p. 63“ 


Additional occurrences of the paraffins have been established 
in the oils from species of Spinea and Turnera, in oil of chervil, 
in the oil of elderblossoms. the oils of Monarda didyma, of 
Inula viscosa and others. 

Of olefinic hydrocarbons, the octylene, C„H„ (m. p. 123 to 124 
d 0,7275; n,, 1,4066) only has been found thus far, viz., in the 
oils of bergamot and lemon. Possibly it also occurs in 
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lignaloe oil. Isoprene, CjH„ interesting because of its relation 
to the terpenes, has been observed only as decomposition product 
of caoutchouc and turpentine oil. 

However, chain hydrocarbons of the formula of saturation 
CnH,j„ 4 with three double bonds have been found. In composition 
they agree with the terpenes but differ in having a lower specific 
gravity and a lower index of refraction. These hydrocarbons, which 
have been termed “olefinic terpenes” by Scmmicr, show a great ten¬ 
dency to resinify, especially when distilled under ordinary pressure. 

Myrcene. 

CH, 

C;CH CH„ CH, C CH:CH, 

CH/ 

CH, 

or 

CH,, 

„CCH.,CH.CH.CCHiCH, 

CH/ 

CH, 

The first representative of this class was found in oil of bay 
by Power and Kleber') and named myrcene. Later its presence 
in the first fractions of the oil of Lippia citriodora was ascer¬ 
tained. Probably it also occurs in West Indian lemongrass oil 
and in oil of lignalocs. Barbicr found myrcene among the de¬ 
hydration products of linalool. Its constitution has not yet been 
definitely determined, but probably finds expression in one of the 
above formulas. The following constants have- been recorded: 



1 

b. p. 

b. p. (20inm)| 

dis' .| 

"i. 

Power and Kleber') 

167‘ 

67 to 68’ 

0,8023 

1,4673 

Semmler^ ! 

171 to 172’ 

67 to 68" 

_ 

1,4673 

Enklaar') 

166 to 168’ 

- 

0,8013 

1,4700 (at 19") 


According to Semmler, myrcene, upon reduction with sodium 
and alcohol, yields dihydromyreene, C„H,,, a liquid possessing 

Pharm. Rundsch. (New York) 18 (1%), 61. 

•) Berl. Berichte .84 (1801), 3126. 

*) Over Ocimeea en Myrceen, Eene Bijdrage tot de kermis van de 
sliphatische Terpenen. Inaug.-Dissett, Utrecht 1905. 
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the following properties; b. p. 171,5 to 173,5', d0,7802, n,, 1,4501 
(Semniler).') B. p. 167 to 169’ (corr. at 770 mm), d,j. 0,7852, 
n,,,; 1,4514 (Enklaar). From the dihydromyreeneEnklaar prepared 
a tetrabromide melting at 88'. 

Upon hydration of myreene with glacial acetic acid and 
sulphuric acid at 40 according to Bertram's method,’) Power and 
Klcber obtained an acetate with an odor reminding of lavender. 
Upon saponification it yielded, in their opinion, linalool. Barbier,®) 
however, supposed that the hydration yielded a new alcohol which 
he named myrccnol. From myrcenol Enklaar (I. c.) obtained a 
crystalline phcnylurcthanc, m. p. 68 , which differs from that ob¬ 
tained from linalool. According to Enklaar, myrcenol has the 
following constants: b. p. 99' (10 mm), d,., 0,9032, n,,,,. 1,4806. 

Potassium permanganate oxidizes myreene to succinic acid. 
Myreene can be identified by means of the dihydromyreene mentioned 
above, al.so, according to Enklaar, by means of the dihydromyreen 
tetrabromide, m. p. 88Myreene polymerises readily to dimyreene, 
which is characterized by a nitrosite that decomposes at 163'. 

Ocimene. 

This aliphatic terpene is isomeric with myreene. It differs 
from the latter, presumably, in the position of the double bonds. 
It was discovered by van Romburgh in the oil of Ocimum Basiti- 
aim. Possibly it is also contained in esdragon oil. B. p. 73 to 74“ 
(21 mm); d,,, 0,794; d,„ 0,801; n„ 1,4861. 

The dihydro-ocimenc, which results upon reduction with 
.sodium and alcohol, is identical with dihydromyreene. 

Upon hydration, according to Bertram’s method,’) Enklaar 
obtained ocimenol [b. p. 97 (10 mm); d,,, 0,901; n,,,,. 1,4900], 
which yields a phenylurethane melting at 72 . 

Upon heating, ocimene yields allo-ocimenc, which possibly 
is stereoisomeric with ocimene. The physical constants are 
.somewhat higher than those of ocimene: b. p. 81’ (12 mm), 
d„ 0,8182, n„ l,529o. 

Additional aliphatic terpenes have been found in hop oil,’) 

') Bert. Uerichle U (IWI), 3I». 

’) Compt. rend. I*! (1901), 1048; Bull. Soc. chim. III. 25 0901), 687. 

>) D.R.P. O/aVi. 

M Ch.ipm.in. |ourn. cliem. Soc. #■ 11895). 54. 
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in the oil of Indian hemp (Cannabis indica)'), in the oil of sassafras 
leaves,-) in rosemary oil"), and in the origanum oil of Smyrna.*) 

Mention should also be made of the occurrence of an ole- 
finic sesquiterpene C„Hj,“) in oil of citronella. Its constants 
are: b. p. 270 to 280'' (atmospheric pressure), 157" (15 mm): 
d,.. 0,8643; +r28'; n,„„. 1,51849. 

B. AROMATIC HYDROCARBONS. 

From the oil of the mammoth fir. Sequoia gigantea. Lunge 
and Steinkauler") obtained a hydrocarbon C„H|„ which they 
named sequoiene. It consists of laminar crystals, with a reddish 
fluorescence, that melt at 105' and boil between 290 to 300’ 
(uncorr.). It has not been identified with any of the known 
hydrocarbons of like composition, such as fluorene etc. With 
picric acid an addition product of red crystalline needles results. 

Noteworthy is also the occurrence of naphthalene which has 
been found in an oil of clove stems, in the oil of a storas bark, and 
in orris oil. It is readily characterized by its melting point (79 to 
80 ), its boiling point (218'), and by a picrate that melts at 149'. 

Styrene. 

CH 

HC CH 
HC /CH 

CCH:CHj 

The simplest aromatic hydrocarbon with an unsaturated side 
chain that is found in volatile oils is styrene (vinyl benzene). 
It occurs in storax oils and in xanthorrhoea resin oil. It is probably 
formed by the decomposition of cinnamic acid. 

journ. chem. Soc. W* (1896), 539. 

’) Report of Schimmel Ct Co. April ISSO, 66. 

>) Arch, der Pharm. 3Si (1897), 585. 

*) Gildemeister, Arch, der Pharm. ISA (1895), 184. 

*) Report of Schimmel i) Co. October 1889, 23. 

*) Berl. Berichte 13 (1880). 1656; 14 (1881), 2202. 
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Styrene is a colorless, highly refractory liquid of a pleasant 
odor, which polymerizes to a transparent, glasslikc and odorless 
mass, mctastyrcnc by being kept for some time, and 

more rapidly by heating, or by contact with acids. 

As to its physical properties, the following statements have 
been recorded: 

B. p. 144 to 144,5”.') 

B. p. 140 (760 mm); d..„.0,9074; n„ ^SdOdO.') 

B. p. 146,2 ; d„.0,9251,") d',' 0,90595; n„ 1,54344.') 

Pure styrene is optically inactive. Dilute nitric acid or 
chromic acid mixture oxidize it to benzoic acid. Upon reduction 
it yields ethyl benzene. 

For identifying styrene the well crystallized styrene dibromide 
C.Hs'CHBr CHjBr is used, and is obtained by allowing bromine 
(17 parts) to drop into a solution of the hydrocarbon (10 parts) in 
twice its volume of ether."') On evaporation, the bromide separates 
in crystals, which after being recrystallized from 80 percent 
alcohol have the melting point 74—74,5 . 

^■Cymene. 

CH„ 

i 

C 


HC 

CH 

HC 

CH 


c 

I 

HjCCHCH, 

Of the-hydrocarbons designated as cymenes C„H„, only 
the meta and para compounds arc of importance to the chemistry 

') Observations made in the laboratory of Schimmel 6 Co. 

') Brtihl, LlebiK's Annalcn 234 (1830), Id. 

*1 Weger, Liebig's Annalen 221 (1883), 00. 

') Nasinl and Bemheimer, Gazz. chini. ital. la (1883), SO; jahresber. d. 
Chem. IW, 3(4. 

') Zinchc, Liebig's Annalen 218 (1883), 288. 
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of the volatile oils. While m-cymenc has been observed only 
as a decomposition or “Abbau” product (Kelbe, dry distillation 
of colophony; Wallach, dehydration of fenchonc; Baeyer, splitting 
off hydrogen from syivestrcne), /wymene is a frequent con¬ 
stituent of volah'le oils. Up to the present it has been found 
in Swedish and Russian turpentine oils, in the oil of Cuprvssus 
sempervirens, in staranise oil, oil of nutmeg, oil of boldo 
leaves, oil of Ceylon cinnamon, oil of Seychclie cinnamon 
bark, cascarilla oil, lemon oil, in the oil of Csnariam Cumingii, 
in the oil of Eucalyptus hxmastoma, in oil of ajowan, in 
coriander oil, in cumin oil, in the oil of Cicuta virosa, in 
angelica root oil, in the oils of Monarda punctata and M. fistu- 
losa, Satureja hortensis, S. Thymbra, in the origanum oils 
from Triest, Smyrna, and Cyprus, in sage oil, in the oils of 
Thymus vulgaris, Th. Serpyllum, Th. capitatus, and in American 
wormseed oil. 

Like m-cymene, /7-cymcne has frequently been obtained as 
a transformation product, c. g. from pinene, terpinene, cumin 
alcohol, laurus camphor, sabinol, thujonc, carvenone, dihydro- 
carvone, carvone, and citral. 

The mixture of hydrocarbons known as “thymene", ob¬ 
tained from ajowan oil and used as a soap perfume, con¬ 
sists principally of cymene together with several terpencs (see 
ajowan oil). 

Formerly it was thought that all terpenes were related to 
this hydrocarbon, that they were its hydroderivatives. According 
to recent investigations, however, this conception is not wholly 
correct. It is worthy of mention, that several cotnpounds of the 
formula C|„H,„0 can be changed to p-cymene by the abstraction 
of water, for instance, camphor and citral. 

Cymene is a colorless liquid with an agreeable odor. 

B.p. 175 to 176“; d„. 0,8602.') 

B. p. 175,2 to 175,9 (752 mm); d®. 0,8551; n„ 1,48456.») 

B. p. 173,5tol74,5"(763mra);d„ 0,8595,d„r0.8588;n„l,479.'') 


') Widmann, Berl. Berichte (tgVI), 45Z 
•) Bruhl, Berl. Berichte S> (1842), 172. 

’) Wolplan, Phartn. Zeitschr. f. Russl. 36 (IM), 115. 
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The following constants were observed in the laboratory of 
Schimmel 5 Co. in connection with a preparation obtained from 
camphor; 

lip. 174,5 to 176 (761 mm); d,,, 0,863; n,„, 1,49015. 

The pure hydrocarbon is optically inactive. Dilute nitric 
acid also chromic acid mixture oxidize it to /^toluic acid and 
finally to tcrcphthalic acid. Potassium permanganate attacks it 
with difficulty. Hence lerpencs having a like boiling point can 
be removed by treating il with dilute permanganate solution in 
the cold. Should cincol, which boils at the same temperature, 
be present, it can be removed as its hydrogen bromide addition 
product. For its identification, cymenc is converted into p-hydroxy- 
/sopropylbcnzoic acid (m. p. 1,55 to 156) with the aid of con¬ 
centrated. hot potassium permanganate solution. This acid, 
when heated with dilute hydrochloric acid, splits off water 
yielding /)-/sopropcnylbenzoic acid (m. p. 160 to 161); when 
boiled with concentrated hydrochloric add it yields an iso¬ 
meric acid with a boiling point of 255 to 260'.') For the pre¬ 
paration of hydroxy/sopropylbenzoic acid Wallach'-) has given 
the following directions; 2 g. at a time of the hydrocarbon, 
prepared as pure as possible, arc heated with a solution of 
12 g. of potassium permanganate in 330 g. of water on a water- 
bath with reflux condenser, the mixture being frequently 
agitated. When the oxidation is complete, the filtrate from 
the oxides of manganese is evaporated to dryness and the saline 
residue boiled with alcohol. The potassium salt which is 
soluble in the alcohol, is decomposed in aqueous solution 
with dilute sulphuric acid, and the precipitated acid recrystal- 
lized from alcohol. 

The sulphonic .acid, produced by treating the hydrocarbon 
w'ith concentrated sulphuric acid, is also characteristic for 
cpnene. Its barium salt (C|„H|, SO,,)jBa crystallizes in shining, 
difficultly soluble lamin.a' and contains three molecules of 
water of crystallization which can be completely driven off 
at too . The sulphone amide which can be prepared from the 

•) R. Meyer amt Ro-sicki, Liebis’s Annalen Sl» (1883), 282. 

’) t.iebis's Annalen iW (ISill). 10. 
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chloride of this suiphonic acid melts at 115 to 116'. That cymene 
sulphonic acid may also result from the action of sulphuric 
acid on different tcrpenes must, however, be remembered, also 
that an isomeric acid is formed at the same h'me. 


C. ALICYCLIC HYDROCARBONS. 

The principal hydrocarbons occurring in volatile oils are 
alicyclic. The composition of by far the greater number is 
represented by the formula C,||H|„, hence they belong to that 
class of the tcrpenes in which the carbon atoms are arranged 
in a cycle. As to their formation in the plant organism nothing 
definite is known. Possibly they are genetically related to 
oxygenated chain compounds 0 , 1 , 11 ^ 0 , since these yield artificially 
hydrocarbons C|„H,„ upon dehydration. Possibly they arc formed 
from carbohydrates or proteins. It is noteworthy, however, that 
the terpcnc content of an oil is greater, the less developed the 
plant at the time of distillation. 

The majority of the known hydrocarbons of the Icrpcne 
group arc found ready formed in nature. Thus the presence of 
ir- and ./-pinene, camphene, limonene, dipentenc, terpinolcne, a- 
and ;'-tcrpinenc, «- and ,t-phellandrcne, sylvestrenc, and sabincnc 
has been definitely established. With the exception of the inactive 
terpinene and tcrpinolene, these hydrocarbons exist, for the most 
part, in both optically active forms. 

In as much as it is frequently necessary to work with small 
amounts, it is often impossible to isolate the tcrpenes in pure 
form by means of fractional distillation. As a rule it suffices to 
remove oxygenated compounds from the fraction 150 to 180" 
by repeated distillation over sodium. A further separation can 
be effected by distillation since the bicyclic hydrocarbons boil 
between the temperatures of 150 and 170’, the monocyclic be¬ 
tween 170 and 180'. Both classes of tcrpenes also reveal ap¬ 
preciable differences in their molecular refraction. The physical 
constants having been determined, more or less definite conclusions 
can be drawn as to the nature of the tcrpenes under investigation, 
thus leading to the preparation of derivatives characteristic of 
the hydrocarbons in question. These derivatives are described 
in connection with the respective hydrocarbons. 
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Owing to the complicated structure of their molecules, also to 
the readiness with which these are inverted into isomeric forms, the. 
synthesis of the terpencs and sesquiterpenes has been coupled with 
difficulties. A single compound is obtained but seldom, the principal 
product being associated with a mixture of several isomers. The fol¬ 
lowing compilation of the synthesis, or more correctly artificial pre¬ 
paration, of the hydrocarbons makes no claim as to completeness. 
In each group the best known representatives only are enumerated. 


I. Dl llYDRATIOti or TnRI'Kflli- AMD SESQUITflRPENI; ALCOHOLS. 


ii-Terpiiicol 
/-Terpineol 
Tcrpincnol-4 
Dihydrocarveol 
Dorneol | 

/.soborncol I 
Fenchylalcohol | 
/sofcnchylalcofiol j 
Pinorampheol 
Cedrol 
Maalialcohol 
Caryophyllene alcohol 


- Dipentenc') 

»Terpinolcne-) 

>■ Tcrpinenc 

»Limonene, /soliinoncnc,') Terpinene’) 

> Caniphenc“) 

>• Fenchene") 

> «-Finenc') 

> Cedrene") 

> Maalisesquilcrpenc”') 

> Clovene.") 


II, UllHYDRATION OF KETOMES. 

Camphor > /i-Cymene'") Fenchone ► /n-Cymene.*“) 

'I Wallach, l.iebi|!'s Aniulen »(1885), 285; S;.5(I8«3), I04;2»t (1898), 361. 
<) Wallach, Ihidcm »s (iwj), lo, 

') Report of Schlinmcl 6 Co. October llltlll, 72. 

*) Tscbocaelf, Berl. Derichle IB (1900), 735. 

*1 Wallach, /Art/cm i4 (1891), 3984; Liebifi's Annalen 875 (1893), 113. 

•) Wallach, Licblc's Ann.ileii StO (1885), 233; Bertram and Walbaum, 
lourn. L prakt. Chem. II. 48 (1894), 8. 

’) Wallach, Llebie’s Annalen 884 (1895), 331; Bertram and Helle, loum. f. 
prakt. Chem. II. Ill (1900), 298; TschugaeH, Chem. Ztg. 84 (1900), 542. 

M Tschugaelt, foiim. russ. phys. chem. Ges. .80(1908), 1324; Gildemcister 
and KShler, Wallacli-Fcalsihrifl, GOttingen 1909, p, (36. 

”) Report ot Schimmel A Co. October 1004, 24. 

INdem November 1008, 137. 

") Wallach, Liebig’s Annalen 871 (1892), 294. 

'■) fittica, /bidem 178 (1874), 307. 

'■■■) Wallach, lhidcm i:i (1893), 157 ; 8M (1895), 324. 
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III. DEAM.MONIATION OF BASES. 


Carvenyiamine 

> Terpinene*) 

Thujylamine 

> Thujene*) 

Carylamine 

► Carvestrene") 

Phellandrenc diamine 

► /D-Cymene.*) 

IV. By SPLiniNG OFF HYDROHALOGEN. 

Dipentcne dichlorhydrate 

>■ Dipentene*) 

Terpinene dichlorhydrate 

>• Terpinene*) 

Sylvestrene dichlorhydrate 

> Sylvestrene’) 

Bornylchloride 

» Camphcnc*) 

Monochloroearvenene 

>• Terpinene") 

Cadinene dichlorhydrate 

► Cadinene*") 

Limonene tetrabromide 

(Limonene**) 


i/i-Cymene**) 

Pinene dibromide 

>■ Cymene,***) 

V. By SPLiniNG OFF CARBON DIOXIDE FROM ACIDS. 


j f(-Pincnc*') 

rSopinolacetic acid • 

■ ,Y-Pinene 


Fenchene 

Acid from sabinaketone and bromoacetic ester ► ii-Terpinene'’) 

Bromocamphane carboxylic acid 

► Bornylene.**) 


') Harries and Majlma, Berl. Berichte 41 (1908), 2516. 

‘) Wallach, Liebig's Annalen SK (1893), 111; '*« (1895), 99, 

”) Baeyer, Berl, Berichte Si (1894), 3486; Baeyer and Villiger, Ibidem 
81 0898), 1402; comp. Semmler, Ibidem 84 (1901), 717. 

') Wallach, Ibidem *il (1902), 276. 

*) Wallach, Terpene iind Campher. Leipzig 1909, p. 84. 

Wallach, Liebig’s Annalen .150 (1906), 148. 

T Wallach, Ibidem 330 (1885), 243, 270. 

") Wallach, Ibidem 280 (1885), 233. 

1 Semmler, Berl. Berichte 41 (1908), 4474 ; 42 (1909) 522. 

•») Wallach, Liebig's Annalen 388 (1887), 84; 271 (1892), 297. 

'') Godlevsky and Roshanowitsch, |oum. mss. phjrs. cbem.GeB. 81 (1899), 209. 
'*) Wallach, Liebig’s Annalen 384 (1891), 21. 

") Wallach, Ibidem 264 (1891), 9. 

■•) Wallach, Ibidem 868 (1908), 1; 368 (1909), I, 

'») Wallach, Ibidem 857 (1907), 68; 862 (1908), 285. 

"■) Bredt, Ibidem 886 (1909), 46. 
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VI. Synthesis with the aid oe Grignard'S reactoh, 

• /1“-/sopropylhcxenonc >■ «-Phellandrene‘) 

o-Crcsol > ((-Terpinene.®) 

VII. Rino-eormation accompanied by dehydration. 

a) from aliphatic tcrpcnc alcohols: 

Linalool > Dipentcnc”) and Terpinene") 

Geram'ol > Dipentcne.') 

b) from aliphatic tcrpcnc aldehydes: 

Citral > />Cymenc.'’') 

VIII. Hoi.ymerisation or hydrocarbons. 

Isoprcnc ► Dipentcne") 

Valcrylcnc > Dipentcne.^ 

IX. CoMPi i:te .syntheses. 

In addition to the syntheses accomplished by Wallach') 
with the aid of ketones and bromaccticcster and its homo- 
logiics, the following may here be mentioned: vii., the syn¬ 

thesis of .l-'-mcnthadicnc from succinyl succinic acid by 
V. liacycr,’) that of dipentcne"') and carvcstrcnc") by Per¬ 
kin jiin. and the more recent syntheses of Komppa in the 
camphor group.'") 

') W.illach, l,iehig',s Annalen !G!I (IWI, 283. 

*) Aimcis and v. d. Hcyden. BcrI. Berichtc 42 (IdOd), 2404. 

’) Bertram and W-ilbaum, Imirn. I. prakt. Chem. II. 4S (1802), 601. 

*) Bertram and Oildemcister, Ihidaii II. 48 (1804), 104; Tiemann and 
Schmidt, BcrI. Bcrichte 2s (1803), 2134. 

■•) Tiemann and Scmmler, Berl. Berichte 2S (1805), 2134. 

‘) Tilden, )oum. chem. Sec. 4:> (1884), 410; Boiichardat, Compt. rend. SO 
(1875), 1446; ST (1878), 654; s» (1870), 361, 1117. 

’) Boiichardat, Bull. Soc. chim. II. •'El (1880), 24. 

') Wallach, ferpciie iind Campher. I.eipzie 1000, p. 145. 

•) Berl. Berichte 20 (18031, 232. 

") foiim. chem. Soc. 8> (1004), 654. 

") Ibidem *1 (1007), 480. 

■3 Liebig's Annalen SttS ( 10 ( 10 ), nO; STtI (1000), 200. 
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Santene Norcamphene. 

CH 

H,CC' CH, 

CH, 

H,C CCH, 

\ ' 

CH 

First of all there may be mentioned a lower homologue of 
the terpencs, the santene, C„H,|, which has been observed repeat¬ 
edly in recent years. Its occurrence has been observed in East- 
Indian sandalwood oil, in Siberian pine-needle oil, in the German 
Fichtennadelol, in the needle oil of the German Abies alba and 
in the Swedish Fichtennadcibl from FVcea excelsa. The follow¬ 
ing constants of this oil have been recorded; 

B. p. 31 to 33’ (9 mm); d,„ 0,863; «„ ■ 0 ; n„ 1,46658.') 

B.p. 140’; d,,., 0,8698; ' 0 ; n,„„. 1,46960.-) 

Upon hydration with the acetic acid-sulphuric acid mixture 
according to Bertram, santene is converted into a bicyclic satur¬ 
ated alcohol, the santenol (.i-norbomcol), b. p. 195 to 196’; m. p. 97 
to 98. When treated with chlorinating agents this yields norbornyl 
chloride, respectively nomobornyl chloride. By splitting off 
hydrogen chloride from these chlorides, Semmler*) obtained 
norcamphene, which is identical with santene. 

Characteristic derivatives of santene are its nitrosochloride, 
m. p. 109 to 110"; its chlorhydrate, m. p. 80 to 81' ; its tribromide, 
m. p. 62 to 63”: and its nitrosite, m. p. 124 to 125 . For its identi¬ 
fication Semmler suggests its tribromide. However, according to 
Aschan’s observations, the santenes of different sources yield tri¬ 
bromides with varying melting points. Hence Aschan considers 
the nitrosite as better adapted for the identification of santene. 
As a further derivative suitable for the idenh’fication of santene. 


*) Semmler, Berl. Berichte 40 (1007), 4»5. 
■) Aschan, Bert. Berichte 40 (1007), 4020. 
") Bert. Berichte 4t (1008), 128. 
CiLoeMciftKR. The vouTtie oils. 
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Semmler and llartcit") mention the santene glycol (m. p. 197”; 
b. p. 135” at 10 mm), which is obtained by careful oxidation of the 
hydrocarbon in acetone solution with potassium permanganate. 


,!-Pinene. 

CH, 

C 


HC' CH 


H.,C .CH, 


CH 

ii-Pincnc is very widely distributed and occurs in the in¬ 
active as well as in both optically active forms. Whereas pinene 
does not often occur in flowers, it is found more frequently in 
the oils from leaves, barks, and woods. It is the principal con¬ 
stituent of the distillate from the olcoresins of the several species 
of Pinus, which distillates arc known in commerce as turpentine 
oils. French and Spanish turpentine oils contain as principal 
constituent /-«-pinene, whereas in American and Creek oils the 
dextrogyrate modification predominates. However, there are also 
American oils which arc Imvogyrate or nearly inactive. 

The hydrocarbon rf-o-pinene (the australene of Berthelot), 
besides occurring in American and Greek turpentine oil, has been 
found in Burmese turpentine oil, in the turpentine oil from Pinus 
syhvstris, in German, Polish and Swedish pine tar oils, in larch 
needle oil, in German and Swedish l^ielernadelol, in Zirbel- 
kkfernxieldl, in the oil from the leaves of /uniperus phaenicea 
and Callitris glauca, sandarac oil, in oil from the leaves of 
Se<juoia gigantea, in cypress oil, in oil from the leaves and 


■) Bert. Berichte it (1908), 866. 
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twigs of Thuja plicata, in the oil of Alpinia malaccensis, in the 
oils of galangal, star anise, ylang-ylang, nutmeg, camphor, apopin, 
Persea, in the oil from the fruits of Pittosporum undulatum, 
in Chios turpentine oil, in the oils of myrtle and checken, in the 
oils of Melaleuca uncinata and M. nodosa, in niaouli oil, in the 
oils of Leptospermum Liversidgei, Eucalyptus botryoides and 
E, dextropinea, in ajowan oil, coriander oil, carrot oil, cumin 
oil, asafetida oil, galbanum oil, fennel oil, water fennel oil (?), 
rosemary oil and in the basilicum oil from Rdunion. 

/-((-Pinene (the terebenthene of Berthelot) is contained in French 
turpentine oil, in the turpentine oil from Picea excelsa, in the Can¬ 
ada balsam oil from Abies balsamea, A, amabilis, in Oregon bal¬ 
sam oil from Pseudotsuga mucronata, in the needle oil from Pious 
Strobus, in Fichtennadelol, in the Seestrandkielerknospendl, in 
the needle oil from Pinus montana, in the English Ijieiernadeldl, 
in hemlock needle oil, in the oils from the leaves and cones of 
Abies alba, in the needle oils from Abies canadensis, Picea nigra, 
P. alba, Abies balsamea and A. sibirica, in the oil of cubeb (?), the 
oils of Asarum europxum and A. arilolium, in the oils of Ceylon 
cinnamon and Canella alba, in the oil from Umbellulariacalilorn- 
ica, in the geranium oil from Reunion, in the oils of petitgrain, lemon, 
neroli, rue, frankincense, dacryodes resin and cajeput, in the oils 
from Eucalyptus carnea, E. Ixvopinea and E. Wilkinsoniana, in 
the oils from parsley, lavender, marjoran, American pennyroyal, 
spearmint (?), French peppermint, valerian, and kessoroot. 

/-n-Pinene has been found in coriander oil, lemon oil, cumin 
oil, American peppermint oil, and oil of Levant wormseed. 

((-Pinene has frequently been found in other oils, but its 
optical rotation has not been recorded. Thus in Venetian tur¬ 
pentine oil, in the pine tar bit from Finland, in the oil from die 
leaves and twigs of Larix americana, in Thuja oil, in juniper 
oil, in the oil from the resin of Callitris verrucosa, in matico 
oil, in pilea oil, in the oil from Canada snake-root, in boldo leaf 
oil, in cinnamon root oil, in the oil from Pichurim beans (?), in 
sassafras oil, the oil from sassafras leaves, in the oils from laurel 
leaves, massoy bark and japanese pepper (?), .in the oils of 
bergamot and lemon, in several elemi oils, in oil of myrrh, in 
the oil from the berries of Schinus molle, in the oils from the 
following species of Eucalyptus, viz., acmenoides, atfinis, aggre- 

19 * 
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gala, albens, amygdalina, angophoroides, apiculata, Boduerleni, 
bicolor, Bosistoana, Bridgesiana, Cambagei, camphora, capi- 
Ivllala, cinerea, cneonlolia, conica, cordata, corymbosa, crebra, 
dcalbata, dives, dumosa, eugenioides, eximia, fastigiata. Flat- 
cheri, Iraxinoides, Globulus, goniocalyx, gracilis, hemilampra, 
hemiphloia, intermedia, inlertexia, lactea, longitolia, Lueh- 
manniana, Macarthuri, macrorrhyncha, maculata, maculosa, 
Maideni, melanophloia, melliodora, microcorys, microtheca, 
Morrisii, nova-anglica, odorala, oleosa, ovalilolia, o. var. lan- 
a-olata, paniculata, pendula, pilularis,polyanthema,polybractea, 
poptilihlia, propinqua, pulreriilenla, punctata, p. var. didyma, 
quadrangulala, radiata, resin Hera, Hisdoni, robust a, Rossi, 
mstrala, r. var. borealis, rubida, saligna, siderophloia, sider- 
oxylon, s. var. pallens, Smithii, squamos,i, stricta, Stuartiana, 
lerelicornis, lesselbris, Irachypliloia, umbra, viminalis, viridis 
and WooUsiana, in French parsley oil, rosemary oil, sage oil, in 
the oils of Thymus capitatus and Satureja Thymhra, in oil of 
spike, in golden rod oil, and in the oil of Helichrysum 5ta'cA,w(?), 

In as much as a strongly active K-pincnc yields little or no 
nitrosochloridc, the formation of this substance is in reality in¬ 
dicative of /-pinenc. Since in the above compilation of the 
occurrence of d- and /-pinenc, the presence of pinene in more 
or Ic.ss optically active fractions has been established by means 
of the rlitrosochloridc reaction, the presence of /-pinene should 
be assumed. The final determination of the presence of optically 
active pinene will, therefore, have to rest with the conversion of 
the optically active pinenc into the corresponding optically active 
pinonic acid. Hence it becomes apparent how desirable it must 
be to revise the older investigations in the light of the new 
methods for the identification of pinenc. (Comp. p. 297.) 

«-Pinene is one of the few terpenes that can be obtained 
in a relatively pure state. It is obtained by heating the solid 
pinenc nitrosochloridc with aniline in alcoholic solution.*) The 
(i-pincne thus obtained is always optically inactive and possesses 
the following physical constants; 

B. p. 155 to 156 : d,,, 0,858; n,„,. 1,46553.*) 

') WalUch, Liebit's Annalen £>2 (I8S9), t32; 39N (1840), 343. 

*) WallAch, Liebla's Anulen S8 (1840), 344. 
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An fcpinene regenerated from the nitrosochloride in the 
laboratory of Schimmel § Co. gave the fallowing constants: 


B.p. 154,5 to 155'; d, 5 ,0,8634; «„-* 0; n^.. 1,46644. 


The inactive form was also obtained by the decomposition 
of pinocamphylxanthogenic acid ester.') Gildemeister and Whlcr*) 
obtained, upon decomposition of (/-pinocamphylxanthogenic acid 
ester, active rf-n-pinene, which, however, was rendered impure 
by the presence of another terpene. 

The strict observation of certain conditions enabled Wallach') 
to prepare /-«-pinene from nopinolacetic acid. 

Most oils containing pinene presumably contain mixtures 
of d- and /-pinene. Hence the direction of the rotation in all 
probability depends on the predominance of the one or the 
other modification. In order to prepare optically active modi¬ 
fications of ((-pinene, it is best to start with pinene fractions 
possessing a high angle of rotation. It should be borne in 
mind, however, that this high angle of rotation may be pro¬ 
duced by camphene. The fractions boiling below 160" are 
purified by fractional distillation over sodium until the boiling 
point and other properties correspond with those of /-«- 
pinene. The highest angles of rotation thus far observed are 
the following; 

for (/-((-pinene from Greek turpentine oil: 

-1-48,4 (b. p. 155 to 156'; djj. 0,8542; ni^j. 1,4634),*) 
[((]„ -I- 46,73" (b. p. 156' at 760 mm; d,,. 0,8642; n|„„. 1,46565),*) 


for /-((-pinene from the oil of Eucalyptus Ixvopinea: 
[«]..-48,63' (b.p. 157'; d": 0,8626).*) 


') Tschugaeff, loiim. russ. phys. chem. Ges. (liXM), 1324; Chem. 
Zentralbl. IRON, I. 1179. 

*) Wallach-Festschrift. OSttingen 1909. p. 436. 

Liebig’s Annalen SSs (1909), 1. 

') Vfe(», Bull. Soc. chim. IV. 5 (1909), 932. 

•') Gildemeister and K8hler,tVa//ac/i-/%5(scAn». G5ttingen 1909. p.434| 
Report of Schimmel 6 Co. October IROS, 69. 

•) Smith, )ourn. and Proceed, of the Royal Soc. of N. S. Wales *2 (1898), 
195; Report of Schimmel 5 Co. April I'd*, 24. 
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«-Finene is a colorless, mobile liquid, which, like most 
terpcnes, undergoes autoxidation upon standing by taking oxygen 
from the air and partly resinifies. It is readily converted into 
other terpcnes. Thus by a higher temperature (250 to 270°) it is 
changed into dipentenc, by moist hydrogen chloride into dipentene 
or its dihydrochloride, by means of alcoholic sulphuric acid into 
terpinolene and terpinene, presumably through the dipentene as 
an intermediate stage. Through the action of dry hydrogen halides 
«-pinene is changed to derivatives of camphor, a reaction that 
has become of great importance in the artifical production of 
camphor. 

In the presence of water and oxygen, pinene yields pinol 
hydrate (sobrerol) C|i,l1nOj, which is at times found in old tur¬ 
pentine oils as a crystalline deposit. The active modifications 
of pinol hydrate melt at 150, the inactive modification at 
130,5 to 131 . When boiled with acids, pinol hydrate yields the 
oxide pinol, C,„ti„0, with its characteristic odor. In contact 
with dilute mineral acids, pinene is converted into terpin hydrate, 
C,„H„(OH),, H,0 (m. p. 11b to 117'). As an intermediate pro¬ 
duct tcrpincol is formed, which likewise results upon the hydration 
of pinene with sulphuric and acetic acids. 

When shaken with a 3 to 5percent, sulphuric acid, pinene 
is acted upon but slowly.') A suitable method for the hydration 
of pinene, according to Barbier and Grignard,-) consists in acting 
on a solution of pinene in glacial acetic acid and acetic acid 
anhydride with a 50 percent, aqueous solution of benzene mono- 
sulphonic acid. 

Oxidizing agents act on pinene in various ways. Whereas 
concentrated nitric acid produces so violent a reaction that igni¬ 
tion may take place, dilute nitric acid, like chromic acid mixture, 
produces — with pinol hydrate or pinol as intermediate products 
— in addition to lower fatty acids and other products, tere- 
phthalic acid, C,H,0,, terebic acid, CiH,„Oj, and terpenylic 
acid, C,H„0,. Essentially different results are obtained with 
potassium permanganate. As shown by Wagner,") dilute per- 

') WalUch,Nachr.K.Oes.Wiss.GdttingenllXIS, Meetingolfebniarjr 8.p. 20. 

“) Compt. rend. 1« (1907), 1425; Bull. Soc. chint. IV. S (1908), 139; i 
(1909), 512, 519. 

•) Berl. Berichte « (1894). 2270; 88 (1896), 881. 
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manganate solution produces principally neutral oxidation pro¬ 
ducts. When concentrated permanganate Is used Urere results, 
in addition to other products, pinonic acid,‘) a mono¬ 

basic keto acid. Upon further oxidation this yields not only 
terebic acid, but also the "Abbau” products that are obtained 
upon oxidation of camphor derivatives. 

According to the optial character of the initial material, a 
pinonic acid results that is optially active ([h],, in chloroformic 
solution + or — 88 to 90') respectively inactive. The inactive 
modification melts at 103 to 105', its oxime at 150°; of the active 
modification the acids melt at 69,5 to 70,5’, the oximes at 129’ and 
the semicarbazones at 203 to 204 ’. Upon inversion with sulphuric 
acid methoethylheptanonolid results, the active modification of 
which melts at 46 to 47’, the inactive modification at 63 to 64', 
These compounds are suitable for the characterization of 
the several modifications of «-pincne. When pinenc is acted upon 
by ozone, ozonides result which, upon cleavage with water, yield 
pinonic acid.‘) 

«-Pinene is an unsaturated hydrocarbon,with one double 
bond. Upon addition it is readily converted into derivatives of 
camphor. When dry hydrogen chloride or hydrogen Iwomide 
arc passed into well dried and cooled pinene, halogenides of 
borneol result. Of these the chloride (the socalled “pinenc chlor- 
hydrate”), C,„H„HCI, was designated “artificial camphor” be¬ 
cause of its camphor-like odor. It melts at 125 to 127 ; the 
bromide, C„H„HBr, melts 90". Both yield camphene when 
hydrohalogen is split off. True pinenc monochlorhydrate was 
obtained by Wallach by the action of phosphorus pentachloride 
upon homonopinol. If bromine is allowed to act on pinene in 
dry solution, one molecule of bromine is readily decolorized and 
added. More bromine is added but slowly and is accompanied 
by the development of hydrogen bromide. When the addition 
product of one molecule of bromine to pinene is distilled with 
steam a dibromide melting at 169 to 170” is obtainwl.') A better 

') Tiemann and Seramler, Berl. Berichte S8 (1895), 1345; 41 (1896); 529, 
3027; Baeyer, B«l. Berichte »(1896), 22, 326, 1907, 1923,2775; Gildemeto 
and RShler, Witikch-Festschrilt. G6ttingen 1909. p. 426. 

*) Harries and Nereshelmer, Berl. Berichte 41 (1908), 38. 

>) Waiiach, Liebig’s Annaien SS4 (1891), 8. 
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yield, however, is obtained by allowing hypobromous acid to act 
on pinene. This dibromidc also appears to be a camphor deri¬ 
vative.') When this dibromide is acted upon with aniline, hydrogen 
bromide is split oil and cymene results. However, when acted 
upon with zinc dust in alcoholic solution, a new terpene, the 
tricyclene, m. p, 65 to 66 results.*) 

The presence ol u-pinene in a volatile oil can be ascertained 
by means ol its nitrosochloride and its oxidation products. Pro¬ 
vided the pinene reveals no high optical rotation, it is most readily 
identified by means ol the nitrosochloride and by the conversion 
ol the latter into its nitrolamine bases, for the preparation ol 
the nitrosochloride, Wallach") has given the lollowing directions; 
A mixture ol 50 g. each ol turpentine oil (immaterial whether 
laevo- or dextrogyrate), glacial acetic acid and ethyl nitrite*) 
(prelerably amyl nitrite)*) is well cooled in a freezing mixture 
and 15 cc. ol crude (33 percent.) hydroehloric acid arc gradually 
addcNl. The nitrosochloride soon separates in a crystalline lorm, 
and is obtained in a lairly pure state when it is filtered oil 
with a suction pump and well washed with alcohol. From the 
filtrate some more nitrosochloride separates on standing in the 
cold. It is profitable in regard to yield to work with small quan¬ 
tities, as only then can the low temperature be maintained which 
is necessary lor the satislactory conduct ol the reaction; large 
quantities ol pinol C„,H|,0 are lornicd as a by-product. 

The nitrosochloride is a white crystalline powder, which is 
readily soluble in chloroform and may be again separated from 
this solution by methyl alcohol. The melting point ol the re- 
crystallized compound is 103 , though melting points as high as 
115' have been observed. Like its derivatives it is optically 
inactive. According to observations by Haeyer") pinene nitroso¬ 
chloride is a bisnitroso compound (C|„H|„CI) 5 N.Oj, which in 

') Wagner and GinTbcrg, Berl. Iterlchle SI (1806), 800. 

*) Godiewsby and Wagner, Chem. Ztg. 81 (1807), 08. 

') l.iebig'aAnnalen 8k‘> (1888), 751; £i.T (1880), .251. 

') Tliis ia easily obtained by allowing a mixture of 200 g. of concentrated 
sulphuric acid. 15 liters ol water and 100 g. of alcohol to flow into a solution 
ol 250 g. ol sodium nitrite in I liter of water and 100 g. of alcohol. The ethyl 
nitrite which forms at once must be condensed in well cooled receivers. 

') Report ol Schimmcl 6 Co. Movember tWIs, 63. 

•) Berl. Berichle ^ (I8«5), 648. 
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ethereal solution is changed by hydrochloric acid into hydro- 
chlorocarvoxime.‘) By splitting off hydrochloric acid with alcoholic 
potassa it is converted into nitrosopinene (m. p. 132')’) which has 
been recognized as an oxime.") Aromatic bases, such as aniline 
and toluidine split off nitrosylchloride, regenerating pinene with 
the formation of amidoazo-compounds. Quite different is the 
behavior of the nitrosochloride toward bases of the fatty series 
and those which possess their characteristics, as for instance, 
benzylamine and piperidine. With primary bases as well as with 
piperidine, nitrolamines result; the secondary bases, like diethyl- 
amine, however, produce a splitting-off of hydrochloric acid with 
the resulting formation of nitrosopinene. 

As the nitrosochlorides of different terpenes show very similar 
molting points and besides decompose very readily, they arc less 
suitable for characterization than the nitrolamines, which are very 
stable and crystallize readily; these have been prepared in large 
numbers, although the compounds produced by the reaction 
with benzylamine and piperidine arc preferably used. For their 
preparation") the nitrosochloride is treated in excess with the 
base dissolved in alcohol and heated on a water bath; the 
nitrolamine formed is separated by the addition of water. The 
melting point of pinene nitrolpiperidine is 118 to 119, that of 
the nitroibcnzyiamine 122 to 123". 

It has already been pointed out that the yield of nitroso¬ 
chloride diminishes with the increased optical rotation of the 
hydrocarbon material.") For the identification of pinene in highly 
active pinene fractions it is, therefore, more expedient to make 
use of the pinonic acid referred to above, 100 g. of pinene 
are shaken with 233 g. of potassium permanganate and 31. of 
water, the mixture being kept cool with ice. From the alkaline 
reaction mixture the excess of hydrocarbon is separated and 


') B«rl. Berichte 2# (18%), 12. 

9 Wallach and Lorenlz, Liebig’s Annalen '21ts (1891), 198. 

•) Urban and Kreraers, Am. Chem. |ourn. 1« (1894), 40»i Bacyer, Berl. 
Berichte S8 (1895), 646; Mead and Kremers, Am. Chem. )oum. )J (1895), 607. 
<) Wallach, Uebig’s Annalen 845 (1888), 253; 8Si (1889), 130. 

") Tilden, )oum. Chem. Soc. N. S. IS (1877),554; 85 (1904), 759; Kremers, 
Pharm. Rundsch. (New York) IS (1895), 135. Oildemeister and KShler, Wtllach- 
Festschrift, Gottingen 1909, p. 433. 
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the neutral products are removed by shaking with ether. The 
pinonic acid is then precipitated with dilute sulphuric acid. For' 
the identification of the pinene it suffices to convert the acid 
into its semicarbazonc (m. p. 204"). If it is desired to establish 
the presence of optically active as well as inactive pinene, it is 
necessary to isolate the acid in its pure form. In most instances 
this can be accomplished by fractionation under diminished 
pressure (b. p. 168 at 12 mm.). The identification is than com¬ 
pleted by determining the angle of rotation and by preparing 
the derivatives of the acid already described. 


ti-Pinene. 

CH., 

C 


H,C 


CH, 

CH,' 


£ 


H£ 


CH 


CH., 


CH 

Side by side with e-pinenc, nopinenc or ,f-pinene occurs in 
the turpentine oils, also in pine tar oil, in Siberian Rchtennadelol, 
and in the oils of lemon,’) coriander,®) cumin,*) hyssop*) and 
nutmeg. Presumably it will be found in a large number of volatile 
oils. Synthetically it has been prepared by Wallach.*) Starting 
with nopinone, this was condensed with bromaeetic ester to 

') GiWenwister and Mfiller, Wtilltch-fesisclirin, OSttingen 1900, p. 442. 

•) Walbaum and Muller, Ibidem 657; Report of Schimmel 6 Co. October 
IW, 48. 

*) Report of Schiminel 6 Co. October ISOS, 50. 

') Cilderaelster and Kbhier, Wallucb-restscbrift, COttingen 1909, 417; 
Report of Schimmel b Ca April UHh, 58. 

') Liebig's Annalen S6S (1908), 1. 
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nopinolacetic ester, which, when treated with acetic acid anhydride 
yielded ii-pinene. 

The following properties have been determined: 

B. p. 164 to 166°; d„. 0,8650; k„ —19°29' (from hyssop oil); 
n,„.. 1.47548.*) 

In connection with two preparations obtained at different 
times, Wallach*) ascertained the following constants; 

B. p. 163 to 164'; d,,.0,8675; «t,-22'5'; n„„, 1,4749. 

B.p. 162 to 163°; d„, 0,8660; n„-22-20': n,„,. 1,4724.’) 

When acted on with glacial acetic acid-sulphuric acid mix¬ 
ture, ,f-pinene is in the main converted into terpinene.*) 

,f-Pinene yields no nitrosochloride. With hydrogen chloride 
it yields a mixture of dipcntene dihydrochloride and bornylchloride. 
When acted upon by nitrous acid, nitroso-i^-pinene results, which 
upon reduction is converted into amidoterebentene. This, in turn, 
when acted upon by nitrous acid, yields an alcohol, which when 
oxidized with chromic acid is converted into Ictrahydrocuminic 
aldehyde (m. p. of the semicarbazone 201 to 203°) and cuminic 
acid (m. p. 115°).*) From a-pinene it is readily distinguished 
by means of its oxidation products. When oxidized with per¬ 
manganate, there results nopinic acid (m. p. 126 to 127'’) which 
is readily isolated by its difficultly soluble sodium salt. As a 
by product there also results a glycol melting at 76 to 78". For 
the identification of ,#-pinene, fraction 160 to 170 is oxidized 
according to Wallach’s*) directions for the preparation of no- 
pinate of sodium. 300 g. of pinenc are shaken, with the aid 
of a shaking machine, with a solution of 700 g. potassium per¬ 
manganate in 91. water to which 150 g. of sodium hydroxide 
have been added. The reaction mixture becomes decidedly warm 
and the oxidation is completed in about 20 minutes. In the 
absence of alkali, about 12 hours are required before the per- 


') Report of Schimmel 6 Co. April tSOS, 58. 

*) Liebig’s Annalen S6S (1908), t. 

•) Wallacli, Liebig’s Annalen SW (1908), I. 

•) Pesci and Bettelli, Oazz. chin*, ital. 1# (1886), 337; Wallach, Liebig s 
Annalen m (1906), 246. 

*) Wallach, Liebig’s Annalen .1*6 (1907), 228. 
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manganate is consumed. The excess of hydrocarbon is distilled 
off with steam, the mixture filtered to remove the oxide of man¬ 
ganese and the filtrate evaporated to about 31. while a current 
of carbon dioxide is passed into the evaporating liquid. Upon 
cooling, nopinatc of sodium crystallizes out, which is separated 
with the aid of a forccfiller and purified by recrystallization. 

The free nopinic acid from /-f-pinene has the following pro¬ 
perties; m. p. 126 ; d,; 0,781; 1«]|, 15,64 (in ethereal solution). 

For its further characterization nopinic acid can be oxidized 
to nopinone with either lead peroxide or permanganate in sul¬ 
phuric acid solution. Nopinone is a ketone which has served 
as a steppingstone in the accomplishment of several interesting 
syntheses of terpenes and terpene derivatives. Of the derivatives 
of this ketone the following should be mentioned: the semi- 
carbazone, m. p. 188 ; the benzylidenc compound, m. p. 106 
to 107'; and the compound C„H 3 „OCl 5 which results when HCI 
is passed into the alcoholic solution of the ketone and which 
melts at 148". 


Sahinene. 

CH, 


HC CH, 

H.,C CH, 

C 

H,C CH-CH, 

This hydrocarbon, which resembles,i-pinene in some respects, 
has thus far been found in the oils of savin, Ceylon cardamom, 
marjoran and pilea. The following constants have been recorded; 

B. p. 162 to 166 ; d,„ 0,840; «„ * 63”; n„ 1,466.'.) 

B. p. 163 to 165'; d,„,0,842; »„ .^67,5”; n„ 1,4678.*) 

') Semmler. Bert. Berichte SS tiaoo). 1464. 

■I Wallach, Liebig’s Annalen SM (lUOH, 163. 
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In connection with the fractionation of a larger amount of sabinene 
from savin oil, Schimmel 8 | Co. determined the following constants: 

20 ®,0 boiling between 162 to 163’; 6 , 5 .0,8481; n„ + 59’30'; 

49® 0 „ „ 163 „ 164 ; „ 0,8480; „+63"50'; 

31";» „ 164 „ 165’; „ 0,8482; „ +68 54'. 

Significant is the low specific gravity which distinguishes 
sabinene from other hydrocarbons with a similar boiling point. 

When boiled with dilute sulphuric acid, sabinene is converted 
into terpinene; with hydrohalogens the corresponding terpinene di- 
halogenhydrates result; when shaken with dilute sulphuric acid in 
the cold, sabinene yields active terpinenol-4 and terpinene terpin 
(see terpineol). The oxidation with permanganate is analogous to 
that of ;f-pinene. The resulting, sabinene glycol which melts at 54 
and boils at 148 to 150 under 15 mm. pressure, has been used by 
Semniler lor the identification of sabinene. Simpler, however, is 
the identification, according to Wallach, by means of the difficultly 
.soluble sabinate of sodium which results upon oxidation in the 
presence of free sodium hydroxide.') The free sabinic acid melts 
at 57'. Like nopinic acid it can be oxidized to a ketone C, H,, 0, the 
sabinaketone, which likewise has served as a starting point for syn¬ 
thesis in the terpene group. The semicarbazonc melts at 141 to 142 . 
When hydrogen chloride is passed into a methylalcoholic solution 
of sabinaketone, a mono-hydrochloride C,H,jOCl, ni. p. 77 to 78 , 
results, whereas in glacial acetic acid solution a compound 
CnHj„OCI„ m. p. 124’, is obtained. Sodium hypobromite oxidizes 
sabinaketone to thuja-dicarboxylic acid melting at 142 to 143 . 


Camphene. 

CH 


H,C' 
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CH 


/CH, 

C' 

CH, 

.C-CH. 


Although camphene is the only solid hydrocarbon C|„H„ 
which occurs in Nature, its isolation in a crystalline state from 


>) Wallach, Liebig's Annalen SH (1408), 266. 
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volatile oils has been accomplished but rarely. In this form 
/-camphenc has been isolated from the Siberian Fichtennadelol; 
from the first fractions of Ceylon citronella oil Schimmel S Co. 
likewise obtained solid camphcne. In the vegetable kingdom 
this hydrocarbon is found in both active modifications, 

As rf-camphene (the austracamphene of Berthclot), it has 
been found in cypress oil, in Siberian Fichtennadelol, in the 
oils of ginger, nutmeg, camphor, lemon, orange-petitgrain, sweet 
orange blossoms, of Eucalyptus Globulus, and spike. 

As /-camphenc (the terecamphene of Berthelot),') it has been 
found in the oil from the twigs of juniperus phcenicea and in 
the oils of lemon, ncroli (?), valerian, kesso, Artemisia Herba-alba, 
and of Chrysanthemum sinenu‘ var. japonicum, 

In addition, camphenc has been found in the oils of juniper 
berries, of the Douglas fir, citronella, japanese cinnamon oil, 
bergamot, rosemary, and fennel. 

Artificially camphcne can be obtained in various ways, prin¬ 
cipally by splitting off hydrohalogen from bornylchloride or bomyl 
bromide (from pincnc or borncol). Most conveniently, however, 
it is obtained upon dehydration of isoborneol with zinc chloride, 
though in this manner frequently mixtures of different hydrocar¬ 
bons are obtained. 

Camphenc occurs as a white crummy-crystalline mass, with 
a faint camphor-like odor, that tends toward sublimation. Other¬ 
wise it is much more stable toward air and light than the other 
tcrpencs. In as much as it can be obtained in solid form and 
since by careful precipitation from its alcoholic solution with 
water it can be purified from liquid impurities, it is one of the 
few terpenes that have been prepared with a fair degree of purity. 
As its constants the following have been recorded; 

for camphcne from bomeol-bornylchloride: 

M. p. 48 to 49’; b. p. 160 to Ibr*); d„.0,850; n,,„. 1,4555*); 

M.p._53,5 to 54 ; (l,S3S08-, n„„,,. 1,45314*); 

'I The term terecamphene is at times applied to any camphene prepared 
tram pinenechlorhydrate. 

‘I Wallach, Liebig's Annalen !W (1885), 234. 

*) Wallach, tiidem 245 (1888), 210. 

*) Briihl, Bert. Berichte 25 (1802), 184. 
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for camphene from pinene-bomylchldride; 

M.p.5l to 52": b.p. 158,5 to 159,5"; d?.’0,84224; n„„. 1,45514*); 

for camphene from /Isoborneol: 

M.p, 50"; b.p. 159 to 160";*) 56" at 15mm. 

The corresponding values at 20" should be approximately 
d 0,870 and n„ 1,470. 

The angle of rotation of the camphene prepared artificially 
from pinene hydrochloride or bomyl chloride varies not only ac¬ 
cording to the angle of rotation of the initial material, but also 
according to the temperature—both height and duration - employed 
in the process. Thus Bouchardat and Lafont') obtained hydro¬ 
carbons, the [o]|, of which lay between —80" 37'and—30" 30' 
when they allowed /-pincne-bornylchloride ([«]„ 28" 30') to be 

acted upon by an alcoholic solution of potassium acetate at a 
temperature of from 150 to 170". 

In connection with a rf-camphene obtained from borneol- 
bornylchloride, Kachler*) observed [«]„„.+ 20" (100,3 mm.). 

The camphene molecule does not rearrange itself to iso¬ 
meric forms as do other terpencs. While it is true that pro¬ 
longed heating at a higher temperature, or treatment with de¬ 
hydrating agents such as zinc chloride, phosphoric acid an¬ 
hydride, or concentrated sulphuric acid changes it, the resul¬ 
ting decomposi^on products do not correspond to the for¬ 
mula C„H„. 

As a terpene with one double bond, camphene yields addition 
products with halogen (m.p. of the dibromidc 91 to 91,5") and 
with hydrohidogen, but pof with nitrosylchloride. However, com¬ 
pounds of camphene with the oxides of nitrogen have been 
obtained both directly and indirectly. Extensive investigations 
have been made concerning the relation between pinene hydro¬ 
chloride, camphene hydrochloride, and the corresponding deriva¬ 
tives of borneol and /sobomeol. 


■) Briihl, Bed. Berichte 25 (1892), 162. 

*) Bertram and Walbaum, [oum. f. prakt Ctiem. II. 49 (1894), 8. 

*) Compt rend. 104 (1887), 694; Bull. Sac. chim. D. 4J (1887), 439. 
*) Liebig’s Annalen 19J (1879), 97. 
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Camphene chlorhydrate is obtained by passing gaseous hydro¬ 
chloric acid into an alcoholic solution of camphene. It melts 
at about 155". References') do not agree, the melting points 
recorded varying from 142 to 160\ 

Oxidizing agents, such as permanganate, nitric acid, chromic 
acid mixture, and ozone, do not act in like manner on the hydro¬ 
carbon. The oxidation with permanganate would seem to indi¬ 
cate that artificial camphene is not a unit, but consists of a 
mixture of at least three hydrocarbons. Thus the oxidation 
of a camphene, obtained from /soborncol, with permanganate 
yields three different products; camphene glycol, C,|,H,„( 0 I 1 ) 5 , 
m. p. 200 ; camphene camphoric acid, Cj|,H,„0,, m. p. 135,5 
to 13b : and cyclone, m. p. 68 , b. p. 152,8“.-) The 

further oxidation of camphene glycol yields camphenylic acid, 
(m. p. 171 to 172 ) and camphenilone, C,Hi,0 (m. p. 36 
to 38 ). Hrom natural camphene an isomeric camphene-camphoric 
acid (m. p. 142 ) appears to result which is not identical with 
the one mentioned above.") Nitric acid oxidizes camphene to 
the tribasic camphoylic acid (Marsh and Gardner), 

(Dredt's carboxylapocaniphoric acid, m. p. 202). In addition 
minor amounts of the above-mentioned ketone C,H„0 result. 
Chromic acid mixture yields principally camphor with little cam¬ 
phoric acid and other products. Oxidation with ozone produces 
camphenilone. 

However, none of these derivatives can be used to ad¬ 
vantage for the characterization of camphene. With fairly pure 
fractions rich in camphene, the latter can be separated in the 
form of its chlorhydrate. It is better, however, to identify 
camphene by converting it into /soborneol. Should larger 
amounts of pinene be pre-sent, the identification of camphene 
by this method is difficult since terpineol as well as /soborneol 
is formed, and since the separation of the two can be attained 
but imperfectly. 

>) KacMcr and Spitzer, Uebig's Annalen SOO (1880), 343; lunger and Klages, 
Berl. Berichle S#(l8<)b), 545; Reychlef, /i;</em32(18d9), 2302; Kondakow, )ount. 
I. prakt. Ctiem. II. Si (1402), 201. 

3 Moycho and Zienkowski, Liebig's Annalen 840 (1005), 17, 40. 

’) Wallach, Liebig's Annalen 860 (1007), 84, 
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For the conversion of camphene into /sobomeol the following 
method is used;*) 

100 parts of the camphene fraction are heated with 250 parts 
of glacial acetic acid and 10 parts of 50 percent, sulphuric acid 
for 2 to 3 hours to 50 to 60‘’ with frequent shaking; the mixture 
which at first separates into two layers finally becomes homo- 
geneous and has a slightly reddish color. When the reaction 
is ended, the acetate formed is separated by water, washed 
repeatedly, and then saponified by heating with a solution of 50g. 
of potassium hydrate in 250 g. of alcohol. After removing the alcohol, 
the /sobomeol is precipitated as a crumbly mass by the addition 
of water and is purified by recrystallization from petroleum ether. 
The melting point of /sobomeol is about 212''; the determination 
must, however, be made in a sealed capillary tube on account of 
its great tendency to sublime. For the further characterization of 
the /sobomeol, its bromal compound, m. p. 71 to 72 may be used. 

It should be remembered, however, that this /sobomeol always 
contains some bomeol. The phenylurethanes of both alcohols 
melt at 138 to 139". 

Recent observations appear to render it probable that cam¬ 
phene occurs in several modifications which differ from each 
other not only by their physical constants, but also by their 
oxidation products. As to their constitution, however, no details 
are as yet known. Thus Wallach*) isolated from a Siberian 
pine needle oil a camphene with the following properties; 

M. p. 39°; b.p. 160 to 161'; d,„. 0,8555; [«]|,-84,9"; n,,,,^ 
1,46207; mol. refr. 43,71; calculated for 43,53, 

Upon oxidation of this camphene with permanganate there 
resulted an acid, isomeric with camphenc-camphoric acid, that 
melted at 142°, Its chlorhydrate melted at 51°. The same cam¬ 
phene has likewise been found in citronella oil. 

By acting on bomylamine with sodium nitrite, Wallach*) ob¬ 
tained a camphene (m.p. 50°; b. p. 160 to 161°), which was charac¬ 
terized by a remarkably strong optical rotation ([«)|, -f 103,89°). 

') Bertram and Walbaum, |oum. f. prakt, Chem. H. « (18M), 1. - In 
addition to /sobomeol some bomeol is formed. Aschan, Berl. Bericitte w 
(1V07), 4923, 

*) Liebig’s Annalen 85! (19G7), 79. 

•) Ibidm 84. 
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Fenchene. 

A positive proof for the occurrence of fenchene in volatile 
oils has not yet been brought. The inference of its presence in 
tcrpene fractions boiling about 160’ has been drawn from the for¬ 
mation of fenchyl alcohol. Thus Bouchardat and Tardy') obtained 
from an oil of Eucalyptus Globulus a terpene which, when heated 
with benzoic acid, yielded fenchyl alcohol. Upon heating French 
turpentine oil with sulphuric acid (' i» of its weight), and the 
reaction product with an excess of alcoholic potassa in an 
autoclave to 150', these same authors obtained a readily soluble 
potassium salt which, upon addition of water, broke up into 
potassium acid sulphate and cf-fcnchylalcohol.") When repeating 
this experiment, Schimmcl Co., however, could not find this 
alcohol.") In as much as it is not impossible that this terpene 
may occur as such in nature, mention of these observations 
should here be made. 

Artificially fenchene has been obtained by the dehydration 
of fenchyl alcohol, also by splitting off hydrogenchloride from 
fenchyl chloride.*) Synthetically it has also been obtained from 
nopinonc, an “Abbau” product of .i-pinene.") Upon diazotation 
of fenchylaminc with nitrous acid, Wallach") obtained, in the 
main, a fenchene which boiled at 156 to 157'; d„. 0,869; 
«„-32 12'; n„„. 1,4729. 

The isomeric complexities are even greater in the case of 
the fenchenes than in that of the camphenes. Possibly not one 
of the fenchenes thus far obtained represents a chemical unit. 
Even when the method of preparation employed was the same, 
differences in the con-stants, more particularly in the angle of 
rotation, were observed. In addition to semicyclic fenchenes, 
there appear to be fenchenes with double linkage in the cycle, 
the boiling point of which is appreciably lower. Fenchene 
has thus far been obtained only in the liquid state. Its odor 

') Compt. rend. ISO (I8d5), UI8. 

5 Compt. rend. 125(1847), 113. 

*) Report of Schlmmel 6 Co. April IWt, J3. 

') Wallach, Liebig's Annalen 283 (1841), 144. 

*) Wallac^ Ibidem 357 (1407). 53 ; 3(3 (1408), 3. 

■) Ibidem 362 (1408), (80. 
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reminds of that of camphene. The following constants have 
been determined: 

B. p. 154 to 155”; d„. 0,8660; n„„. 1,4693. 

B.p. 155 to 156”; d„, 0,8670; n,„,. 1,47047;') «„ f 21”.*) 

Repeated determinations in the laboratory of Schimmel 5 Co. 
revealed the following constants; 

B. p. 154 to 156” (765 mm.); d„. 0,8660 to 0,8665; n„„. 1,46733 
to 1,46832. 

From the /-fenchene ([«)„ —32” 12") mentioned above, Wal- 
lach *) prepared a dextrogyrate dibromide which melted at 87 to 88” 
and which revealed a specific rotation of + 42,83”. A dibromidc 
prepared from cf-fenchene (the fenchene being obtained from 
/-fenchone from thuja oil) likewise melted at 87 to 88'. A mixture 
of equal parts of both bromides, upon recrystallization, showed 
the melting point 62".*) 

Mo other characteristic halogen or hydrohalogen or nitrosyl- 
chloride addition products are obtainable that might be used for 
the identification of fenchene. However, in like manner as 
camphene, fenchene can be hydrated to C,„H„0 by means of 
the glacial acetic acid and sulphuric acid mixture. The alcohol 
thus obtained is /sofenchyl alcohol (m. p. 61,5 to 62 ) which 
yields with phenyl/socyanate a phenylurethane melting at 106 
to 107".‘) 

From the semicyclic fenchenes there result, upon oxidation 
with potassium permanganate, hydroxyfenchene acids which are 
characterized by difficultly soluble sodium salts. 

/SOFEMCHeNE. The /sofenchene obtained by Bertram and 
Helle") from /sofenchyl alcohol was recognized by Wallach*) as 
Z>-</-fenchene. 

') Wallach, Liebig’s Annalen 800 (1898), 313. 

*) Wallach, Ibidem SOS (1898), 376. 

*) Ibidem SOS (1908), 182. 

*) Ibidem 199. 

*) Bertram and Helle, )oum. f. prakt Chem. II. 01 (1900), 293; Report of 
Schimmel 6 Co. October 11^, 48; April 1*00, 56. 

*) lourn. I. prakt. Chem. II. 01 (1900), 303. 

’) Liebig's Annalen SOS (1908), 193. 
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Fenchene. 

A positive proof for the occurrence of fenchene in volatile 
oils has not yet been brought. The inference of its presence in 
tcrpene fractions boiling about 160’ has been drawn from the for¬ 
mation of fenchyl alcohol. Thus Bouchardat and Tardy') obtained 
from an oil of Eucalyptus Globulus a terpene which, when heated 
with benzoic acid, yielded fenchyl alcohol. Upon heating French 
turpentine oil with sulphuric acid (' i» of its weight), and the 
reaction product with an excess of alcoholic potassa in an 
autoclave to 150', these same authors obtained a readily soluble 
potassium salt which, upon addition of water, broke up into 
potassium acid sulphate and cf-fcnchylalcohol.") When repeating 
this experiment, Schimmcl Co., however, could not find this 
alcohol.") In as much as it is not impossible that this terpene 
may occur as such in nature, mention of these observations 
should here be made. 

Artificially fenchene has been obtained by the dehydration 
of fenchyl alcohol, also by splitting off hydrogenchloride from 
fenchyl chloride.*) Synthetically it has also been obtained from 
nopinonc, an “Abbau” product of .i-pinene.") Upon diazotation 
of fenchylaminc with nitrous acid, Wallach") obtained, in the 
main, a fenchene which boiled at 156 to 157'; d„. 0,869; 
«„-32 12'; n„„. 1,4729. 

The isomeric complexities are even greater in the case of 
the fenchenes than in that of the camphenes. Possibly not one 
of the fenchenes thus far obtained represents a chemical unit. 
Even when the method of preparation employed was the same, 
differences in the con-stants, more particularly in the angle of 
rotation, were observed. In addition to semicyclic fenchenes, 
there appear to be fenchenes with double linkage in the cycle, 
the boiling point of which is appreciably lower. Fenchene 
has thus far been obtained only in the liquid state. Its odor 

') Compt. rend. ISO (I8d5), UI8. 

5 Compt. rend. 125(1847), 113. 

*) Report of Schlmmel 6 Co. April IWt, J3. 

') Wallach, Liebig's Annalen 283 (1841), 144. 

*) Wallac^ Ibidem 357 (1407). 53 ; 3(3 (1408), 3. 

■) Ibidem 362 (1408), (80. 
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hydrocarbon has an agreeable lemon-like odor. The pfiysical 
constants are approximately expressed by the following figures: 

B.p. 175 to ITb"; d„. 0,850; n,„„. 1,475. 

For /-limonene from the leaves of Mes alba Wallach found: 

B.p. 175 to 176°; d,^ 0,846; n^^. 1,47459.') 

The angle of rotation is high, but varies with the method 
of preparation. The highest deviation recorded was observed in 
the laboratory of Schimmel Co. in connection with a d-limoncnc 
obtained from caraway oil by fractionation in vacuum, vii., 
[(()„ +123° 40'. A synthetic limonene prepared by Godlewski 
and Roshanowitsch*) gave [«]„ -t-125' 36'. For /-limonene from 
pine needle oil, Wallach’) records [«]„ —105' (in alcoholic or 
chloroformic solution). In connection with /-limonene from pine 
cone oil, the following constants were observed in the laboratory 
of Schimmel § Co. 

B. p. 176,5'; d,,, 0,8472; «„-l01'10', 119,41°; 

n,,.,, 1,47303. 

Chemically both limonenes are alike, yielding the same deri¬ 
vatives which differ only in the direction in which they deviate 
polarized light. When d- and /-limonene are mixed, dipentene results. 
This also results when the active limonenes are heated to a higher 
temperature or when they are acted upon with acids. In the cold, 
acids frequently cause the hydration of limonene to terpineol and 
tcrpin hydrate. At elevated temperatures, however, acids dehydrate 
these same hydration-products with the reformation of hydrocar¬ 
bons. Concentrated sulphuric acid changes limonene to cymene. 
When perfectly dry, limonene absorbs one molecule of hydrohalogen 
with the formation of limonene monochlorhydrate which, when 
treated with sodium acetate, yields active «-terpineol.‘) A second 
molecule of hydrohalc^en is added only in the presence of moisture 
when a derivative of dipentene (see p. 313) is formed. 

‘) Liebig’s Annalen SH (1888), 222, 

*) |oum. ntss. phys. cheni. Gcs. SI (1849)., 204. According to Chem, 
Zentralbl. 18R8, I. 1241. 

•) Liebig's Annalen StS (1888), 222; Wallach and Conrady, Ibidem Sit 
(1884), 14S. 

•) Semmler, Berl. Berichte *8 (1845), 2140; Wallach, Liebig’s Annalen 
sop <1406), 154. 
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Limonene adds 4 atoms of bromine yielding an optically active 
limonene tetrabromide that melts at 104 to 105° (see below). 
Upon addition of nitrosyl chloride, each limonene yields two 
(«-and|il-) nitrosochlorides') which are physical isomers. These 
are prepared like pinene nitrosochloride and because of their 
different solubility in chloroform can be separated by means of 
this solvent. Chemically these nitrosochlorides behave alike. 
Upon withdrawal of hydrogen chloride with alcoholic potassa, they 
arc converted into carvoxime melting at 72’. When treated with 
organic bases two series of nitrolamincs*) result. Of these 
the «-nitrol piperidine base melts at 94°, the ,7-compound at 110°-, 
the ((-nitrol anilide base at 112", the ,i-compound at 153°; the 
«-nitrol benzylamine base at 93°. The limonene monochlorhydrate 
mentioned above also yields a nitrosate. 

With dilute permanganate solution limonene is oxidized to the 
saturated tetratomic alcohol limonetrite (m. p. 191,5 to 192°).*) The 
other oxidation productsof limonene afford little that is characteristic. 

Limonene is most readily identified by means of its tetra¬ 
bromide, prepared according to Wallach’s directions.*) The fraction 
is purified as much as possible and diluted with about four times 
its volume of glacial acetic acid. Bromine is added drop by drop 
to the well cooled solution as long as it is taken up with decoloration. 
The crystals separating after standing for some time are collected 
and rccrystallizcd from acetic ether. As a rule they are distinr 
guished from those of dipentene tetrabromide by having smooth 
surfaces, and by being soft and fleible.*) The melting point of. 
the pure tetrabromide is about 104,5', the specific rotation if W 
chloroform solution is -1-73,27 and —73,45° respectively. •' 

In connection with the preparation of the tetrabromide, it.'^ 
should be noted that reagents absolutely free from water need'^ 
not and should not be used. These are apt to give rise to. liief, 
formation of a non-crystallizable tetrabromide. Nevertheless 8ie 
crystalline product is to be regarded as the normal bromide.') 

>) WalUch, Liebig's Annalen (1889), t09. 

>) Wallach, IbUtm (1892), 172. 

*) Wagner, Bert. Bericbte S3 (1890), 2315. 

*) Liebig's Annalen S8S (1887), 3. 

*) Wallach, Liebig’s Annalen SS: (1885), 279. 

•) WalUch, /Wrfem 3S4 (1891), 14. 
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Wallach also advises not to use alcohol or ether as diluent since 
they give rise to the formation of liquid by-products. Like disturbing 
factors are encountered when the terpene fractions used are not 
sufficiently uniform in composition. 

Minor modifications in the method of preparation have been 
recommended by various investigators. Baeyerand Villiger ‘) employ 
as diluent a mixture of I vol. of amylalcohol and 2 vol. ether, cool 
the mixture and add bromine drop by drop. In the proportion in which 
the ether evaporates, the tetrabromide is said to crystallize out. 

Power and Weber*) add the fraction to be tested for limonene 
drop by drop to a cooled mixture of glacial acetic acid and 
bromine until only a slight excess of bromine remains. The 
solution is then decolorized with an aqueous solution of sulphur 
dioxide and the bromide precipitated with water. Their object 
is to prevent the formation of hydrogen bromide and of non¬ 
crystalline bromides of isomeric terpenes. 

Finally, a combination of both methods has been suggested 
by Godlewsky.*) He suggests that a solution of the terpene in 
a mixture of equal parts of amylalcohol and ether be added 
drop by drop to an ethereal solution of bromine which is kept 
cold by ice water during the course of the reaction. 

Dipentene. 
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The optically inactive form of limonene, the dipentene, has 
been found frequently in nature, though not as commonly as 

•) Bert. Berichte H (IW), m. 

^ Pharm. Rundschau (Hew York) 13 (1894), 160; Arch, der Pharm. 382 
(1894), 646. 

■)Chem. 28. 23 (1898), 827. 
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limonenc. It must also be born in mind that the dipentene 
identified may have been formed from pinene or limonene during 
the process of fractionating the oil. Dipentene has been found 
in the following oils: In the oils from the turpentines of different 
species of Pinus, in pine tar oils, in the needle oil from Picea 
exccisa, in Swedish turpentine oil, in Siberian pine needle oil, 
in the needle oil from Callitris glauca, in the oils of palmarosa, 
lemongrass, citronella, gingergra.ss, cardamom, pepper, cubeb, 
nutmeg, boldo leaves, kuromoji, camphor, cinnamon root, massoy- 
bark, apopin, bergamot, limettc leaves, neroli, wartara, buchu, 
frankincense, myrrh, myrtle, ajowan, coriander, cumin, and fennel, 
also in the oils of Salunja Thymbra, Thymus capitatus, in 
American pennyroyal oil, in kessoroot oil and in goldenrod oil. 

Aside from its formation from equal parts of d- and /-limonene, 
it is obtained synthetically by polymerization of the unsaturated 
aliphatic hydrocarbon isoprene, also, together with terpinene, 
upon dehydration of the aliphatic alcohols linalool and geraniol. 
Furthermore, it results upon isomerization of other hydrocarbons 
e. g. pinene, limonene, phellandrene; also by inducing 
the proper changes in related oxygenated compounds, such as 
cineol, terpineol, and terpinhydrate. Dipentene, together with 
cineol and limonene, was also obtained by the action of nitrous 
acid on fenchylamine. 

A relatively pure dipentene can be obtained by the dry 
distillation of caoutchouc. After the removal of the isoprene, 
fraction 172 to 178' is carefully and repeatedly fractionated over 
sodium. The presence of any cineol, which has a like boiling 
point, can be ascertained by a corresponding increase in the 
specific gravity. A less pure preparation can be obtained from 
dipentene dihydrochloride by splitting off hydrogen chloride with 
aniline or sodium acetate in glacial acetic acid;') also by the 
dehydration of crystalline terpineol by means of potassium acid 
sulphate.’) 

Physically, dipentene differs from limonene only by its optical 
inactivity. The boiling point of pui^dipentene appears to be the 

') Wallach, Liebig's Annilen 239 (1887), 3; !->« (1888), 196. Comp, also 
Tiiden and Williamson, fourn. chem. Soc. <18 (1893), 294. 

h Wallach. Liebig's Annalen 275 (1893), t09. 
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same as that of limonene. However, when in research for 
dipentene, it is necessary to take into consideration fractions 
that boil somewhat higher than the corres^ding limonene 
fractions.*) Specific gravity and index of refraction agree fully 
with those determined for limonene. For dipentene from caout¬ 
chouc the following data were ascertained in the laboratory of 
Schimmel ^ Co.: 

B.p. 175 to 176'| d„. 0,844; n,,,,. 1,47194. 

Dipentene is relatively stable. When heated it is not 
converted into isomeric hydrocarbons C,jH„, but polymerizes. 
However, when heated with alcoholic sulphuric acid, it is changed 
to terpinene. Its derivatives arc inactive and can be obtained 
from dipentene as well as by the union of equivalent amounts 
of the corresponding derivatives of limonene. The dipentene 
derivatives reveal minor differences from the corresponding 
limonene derivatives, notably in their melting points. Toward 
hydrohalogen, bromine and nitrosylehloride dipentene behaves 
like the active limonenes. The solid addition products that result 
upon the addition of two molecules of hydrohalogen, exist in two 
modifications, viz., the cis- and trans-forms.*) Of these the one 
with the lower melting point and the greatest solubility is desig¬ 
nated the c/s-form. The higher melting frans-form is the more 
stable and always results when the reaction mixture is allowed 
to become warm. In the cold, both forms usually result simul¬ 
taneously. In as much as the trans-form results in most cases, 
the following data pertain to this modification. The dichlor-, 
dibrom- and diiod-hydrates of dipentene result when hydrohalogen 
is passed to saturation into an ethereal or glacial acetic acid 
solution of either limonene or dipentene. Upon evaporation of 
the solvent, or upon the addition of water thereto the com¬ 
pounds separate in the form of an oil which soon crystallizes. 
Since terpinene yields analogous compounds, and since mixtures 
frequently cause very appreciable melting point depressions, these 
compounds may prevent each other from crystallizing. However, 
a separation of the dihydrohalogeri addition products uf dipentene 


') WalUch, Liebig’s AnnalenSS® (1895), 138; B«rl. Berichte 49 (1907), 600. 
<) Baeyer, Bert. Bericbte 89 (1893), 2861. 
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and terpinene may be obtained by taking into consideration their 
difference in stability toward dilute alkali.') 

Dipentene dichlorhydrate melts at 50’ and can be crystallized 
from its alcoholic solution by the careful addition of water; 
the dibromhydrate forms rhombic, shiny plates that melt at 64’; 
the diiodhydrate crystallizes in various forms and melts between 
77 to Sr. From all of these, dipentene can be regenerated upon 
the withdrawal of hydrohalogen. When shaken with dilute alkali, 
they yield u-terpineol and tcrpinhydratc. 

As in the case of limonene, so the nitrosochloride of dipentene 
exists in two physically isomeric forms (» and .t), which are 
more soluble than their active components. When treated with 
alcoholic potassa, they lose hydrogen chloride and yield inactive 
carvoximc m. p. 93’. When treated with organic bases, the ni- 
trosochlorides yield two nitrolamines in each case; of these the 
nitrolamine bases melt at 154 and 152' respectively, the nitrol 
aniline bases at 125 and 149 , and the particularly characteristic 
«-nitrolbenzylamine base at 110 '. A dipentene nitrosate, also a 
nitrosate of the dipentene monochlorhydrate are known.*) 

For the identification of dipentene the preparation of its 
tetrabromide") is commonly resorted to. It is prepared, like 
the limonene tetrabromide, from dipentene, or when concentrated 
solutions of equal parts of d- and /-limonene tetrabromide are 
mixed.*) The crystals differ from those of limonene tetrabromide 
by their appearance, the dipentene tetrabromide revealing pecu¬ 
liar striations in the vertical zone. They are also very fragile. 
Dipentene tetrabromide also differs from the limonene tetra- 
bromides by its lesser solubility and its higher melting point, 
viz., 124 to 125’. For its identification the above-mentioned 
nitrosochloride and the corresponding nitrolbenzylamine base can 
be used, also the carvoxime obtained from the nitrosochloride and 
finally the dichlorhydrate described above. 

In the case of mixtures of limonene and dipentene, which 
may not occur infrequently, it should be remembered that, as a 
rule, the dipentene compounds separate first. 

■) Wallach, Liebig’s Aniulen 1150 (1006), 160. 

*) Wallach, Uebig’s Annalen Mb (1888), 258. 

*) Wallach, Liebig's Annalen S7 (1885), 278. 

') Wallach, ibidem 848 (1888), 226. 
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Teipinolene. 



H,CCCH, 

Thus far this terpene has been obtained by synthetical 
means only, although Clover') claims to have found it in a 
Manila elemi oil, observing at the same time a gradual inversion 
into dipentene. Recently its presence in coriander oil has like¬ 
wise been rendered probable.*) 

The boiling point of terpinolene is in the neighborhood of about 
185 to 187As characteristic derivatives, the tetrabromide melting 
at 116’ and the dibromide melting at 69 to 70" should be mentioned. 
The addition of hydrohalogen yields the corresponding dipentene 
derivah'ves. Upon oxidation with potassium permanganate, terpin¬ 
olene erythritol, C,„H,j(0H), H,0, melting at 148 to 150 , results. 


Sylvestrene (i-Sylvestrene - Carvestrene). 
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Sylvestrene is one of the less common natural terpenes. 
Thus far it has been found, always in the dextrogyrate modi- 


') Philippine |oum. of Sc. i (1907), A. 17. 

^ Report of Schimrael Ei Co. October 1909, 48. 
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ficafaon, in the oils of the Pinaax: in the pine tar oils of 
Sweden and Finland, in the turpentine oils of Finland, Russia, 
and Sweden, in the needle oil of Pwi/s sylvestris of Germany, 
Sweden, and England, in the needle oil of Pinus monfana, and 
in cypress oil. The statement by More*) that ./-sylvestrene 
occurs in the oil from the resin of Dacryodes hexandra, still 
needs verification. 

It can be obtained in a relatively pure state by preparing 
the dichlorhydrate from fractions rich in sylvestrene and by sub¬ 
sequent regeneration by boiling the hydrochloride either with 
aniline*) or with sodium acetate and glacial acetic acid.*) The 
hydrocarbon thus obtained closely resembles limonene in its 
physical and chemical properties. Like the limonene, it has a 
pleasant odor resembling that of limonene. Specific gravity and 
boiling point agree well with the corresponding constants of 
limonene. 

Atterberg, the discoverer of sylvestrene, found the following 
constants; 

B.p. 173to 175 ; d,„ 0,8612; + 19,5V) 

Wallach records the following: 

B.p. I76t0l77 ; d,,,.0,851; n„ 1,47799.“) 

B.p. 175to 176"; d,,,.0,848; lu],, + 66,32' (in chloroformic 
solution); n„ 1,47573.") 

When heated to 250', sylvestrene is polymerized, but no^, 
isomerized, neither is the latter change brought about by albfr* 
holic sulphuric acid. Hence this hydrocarbon is one of the most 
stable of the lerpene group. Like limonene, so sylvestrene con¬ 
tains two double bonds that can be satisfied either entirely oF. 
in part by hydrohalogen, bromine, or nitrosyl chloride. PecuHafi;.^, 
however, is the dichlorhydrate which, unlike the inactive 
tene dihvdrochloride, is optically active (dextrogyrate) andj^' 

') lourn. chem. Soc. (I84Q), TIB. 

*) Wallach, Liebig’s Annaleti '290 (1%), 243. 

>) Wallach. Liebig's Annalen -2tl» (1887), 23; MS (1888)^^ 

'I Bert. Berichte »(1877), 1206. 

■’) Liebig’s Annalen 845 (1888), 148. 

") Liebig’s Annalen HO. 
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which active sylvratrene can be regenerated upon splitting oR 
hydrohalogen. The tetrabromide, prepared like that of the 
limonene, melts at 135 to 136°; however, it is difficult to obtain 
it in solid state when, as is mostly the case, other terpenes are 
present in the fraction. With amyl nitrite and hydrochloric acid, 
pure sylvestrene yields a nitrosochloride melting at 106 to 107”, 
and this with benzylamine an nitrolamine base that melts 
at 71 to 72°. 

For the separation of sylvestrene from mixtures, as well as 
for its identification, the chlorhydrate is best suited. This com¬ 
pound, which can be separated in crystalline form at considerably 
reduced temperatures only, is prepared in the following manner. 
The fraction in question is diluted with an equal volume of 
ether and saturated with hydrogen chloride gas. Aftec standing 
for about two days, the ether is distilled off and the residue 
induced to crystallize by considerably reducing its temperature. 
With the aid of porous plates the crystalline magma is freed 
from oily admixture and recrystallized from an equal weight of 
alcohol. The hydrochloride thus partly purified, is freed from 
the corresponding dipentene compound by fractional crystalli- 
jktion from ether, in which the latter is more difficultly soluble. 
The'purified dihydrochloride melts at 72".') It should be remem- 
beraj^at, in the presence of dipentene or of such terpenes that 
.yield mpentene dihydrochloride when acted upon by hydrogen 
chloride, mixtures of chlorhydrates result, the melting point of 
which is lowered with the increasing content of dipentene dihy¬ 
drochloride. The dibromohydrate of sylvestrene melts at 72°, the 
diiodohydrate at 66 to 67°. By treating these dihalogen hydrates 
with dilute potassium hydroxide, sylveterpin, m.p. 

135 to 136°, also sylveterpineol, b.p. 210 to 2I4°,‘) 

result. These compounds correspond with those obtained in like 
manner from dipentene dihydrochloride. 

If to a solution of a few drops of sylvestrene in acetic acid 
anhydride a drop of concentrated sulphuric acid be added, a 
beautiful blue color is produced. This reaction succeeds only 
then when the fraction to be tested is rich in sylvestrene. 


>) Vftllach, Liebig’s Annslen OO (1885), 241 j 3*8 (1887), 25, 
') Wallach, Uebig's Annalen *57 (1907), 72. 
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Until very recently our knowledge of the occurrence of ter- 
pincnc was very limited. Besides the dihalogen addition product, 
also yielded by other terpenes, the addition product of nitrous 
acid was the only characteristic derivative. The designation tcr- 
pinene heretofore applied to a hydrocarbon which yielded, with 
nitrous acid, a nitrosite melting at 155". The artificially prepared 
hydrocarbon is a mixture of two isomers, designated «- and 
;'-terpinene by Wallach, the composition of which varies with 
the method of preparation. 

The hydrocarbon was first found by Weber') in the oil 
of the long Ceylon cardamom. With the aid of the nitrosite 
m. p. 155', its presence was likewise established in the oil 
of Levant wormseed, in Manila elemi oil, in the oil of dill 
herb, and in marjoran oil. The presence of both constituents, 
found by Wallach in what is designated artificial terpinene, in 
volatile oils was first revealed by the investigations in the 
laboratory of Schimmel 8i Co.-) Thus u-terpinene was found 
in coriander oil, ;'-terpinenc in ajowan oil, lemon oil, and 
coriander oil. 

Artificially, terpinene is obtained by the action of acids upon 
such hydrocarbons as pinene, dipentene, and phellandrene; or 
upon such oxygenated compounds as linalool, geraniol, terpi- 

') Liebig's Annaleti M (1887), 107. 

') Clldemeister and Muller, Wal/ach-Festschrift, Gdttingen 1909, p. 443. 
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neol, terpinenol, terpinene terpin, terpinhydrate, dihydrocarveol, 
and cineol; further by splitting off hydrohalt^en from the terpinene 
halogenides; and by special decomposition of carvylamine, car- 
venone, and methyl-dichlormethyl-ketodihydrobenzene. Especially 
adapted to the preparation of products rich in n-terpinene 
are the syntheses of Semmler') and Auwers.’) Pure products, 
however, are not obtained; hence the constants are but ap¬ 
proximations. For a terpinene obtained by the action of 
methylmagnesium iodide on sabinaketone and purified by 
repeated distillation over sodium, Wallach*) records the following 
constants: 

B. p. 174 to nr-, d.,. 0,842; n„ 1,4719; 

and for a preparation regenerated from its hydrochloride by 
heating with aniline:*) 

B.p. 179 to ISr; d„. 0,846; n„ 1,4789. 

In connection with a fraction from coriander oil consisting 
of ((- and ;'-terpinene, Schimmel £i Co. observed the following 
constants: 

B.p. 177 to 178'; d,,.0,8485; «„-t-0‘'32’; n„„. 1,47650. 

Terpinene bears a great rcscmblence to dipentene. When 
acted upon by the hydrohalogens, terpinene halogenhydridcs 
result which might easily be confounded with those of dipentene. 
Both CIS- and tra/is-modifications exist. However, the latter only 
are concerned so far as identification is meant, for the former 
are liquid. 

Terpinene dihydrochloride melts at 51 to 52", the dihydro¬ 
bromide at 58 to 59", the dihydroiodidc at 76'. From the cor¬ 
responding isomeric dipentene compounds they can be distin¬ 
guished by the decided depression of the melting point of their 
respective mixtures. When the hydrochloride is boiled with bases, 
a mixture of several hydrocarbons results. When shaken with 
dilute potassium hydroxide solution, terpinene terpin (m. p. 137 

>) Bert. Berichte 41 (1908), 4474 ; 42 (1909), 522. 

9 Ibidem 42 (1909), 2424. 

>) Liebig's Annalen 862 (1908), 301. 

*) Liebig’s Annalen 830 (1906), 149. 
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to 138'), lerpinenol-4, and y-terpinenol result, also c/s- and traos- 
terpin. 

The addition of bromine to terpinene yields liquid com¬ 
pounds only. Meither could a nitrosochloride be obtained. Upon 
addition of nitrous acid, terpinene nitrosite melting at 155' 
results, which yields nitrolamines when acted upon with piper¬ 
idine and nitrolamines. The nitrolpiperidine base melts at 153 
to 154°, the nitrolbenzylamine base at 137’. Careful reduction 
of the terpinene nitrosite and its nitrolamines with zinc dust 
and glacial acetic acid yields carvcnone. The use of more 
energetic reducing agents, such as sodium and alcohol, is 
apt to yield tetrahydrocarvone and tctrahydrocarvylamine. Ac¬ 
cording to Wallach the nitrosite is a derivative of a-terpinene, 
which, upon oxidation with permanganate yields ;-«,«'-di- 
hydroxy-«-mcthyl-(t'-/sopropyladipic acid melting at 188 to 189°, 
and the lactone of which melts at 72 to 73°. Further oxid¬ 
ation of this acid yields dimethylacetonylacetone, the semi- 
carhazide of which melts at 201 to 202°, and the dioxime 
at 137 . 

When oxidized in like manner, ;'-terpinene yields the erythritol 
C,„H„(OH)| m. p. 237 . When acted upon by dilute sulphuric 
acid this is converted into carvacrol and thymol. 

For the identification of terpinene in volatile oils, fraction 175 
to 185" is examined. Some clue may be had from the formation of 
terpinene dihydrochloride, m. p. 52", by passing hydrogen chloride 
gas into a glacial acetic acid solution of the hydrocarbon. Thujene 
and sabinene, also terpinenol and terpinene terpin, which also yield 
the same chloride, boil at either higher or lower temperatures. 
Particularly suited for identification is the terpinene nitrosite, 
which is prepared in the following manner: To 3 ccm. of the 
hydrocarbon fraction to be examined, in a narrow test tube, 
I' 9 ccm. glacial acetic acid and 4'i ccm. of water are added. 
To the well cooled mixture a concentrated aqueous solution of 
1,5 g. of sodium nitrite is added, a small portion at a time, 
causing the hydrocarbon to assume a green color. When the 
nitrous acid has been absorbed completely, a reddish-yellow 
color results. In order to avoid supersaturation, the reaction 
mixture is inoculated with a crystal of pure nitrosite. The 
crystals which separate in the course of time are washed 
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with water and petroleum ether and crystallized from alcohol 
(m. p. 155’). 

The presence of one or the other modifications of terpinenc 
can be established positively only by oxidation with permanganate. 
Wallach') proceeds in the following manner: A mixture of 7 g. of 
the hydrocarbon, 33 g. of potassium permanganate, 14 g. potas-sium 
hydroxide, 400 g. ice and 400 ccm. water, contained in a copper 
flask, is shaken with a shaking machine for an hour. The excess 
of hydrocarbon is distilled off, the oxide of manganese separated 
by filtration, and the filtrate saturated with carbon dioxide while 
it is being evaporated to dryness. The residue is extracted with 
alcohol, the alcoholic filtrate evaporated to dryness, this residue 
dissolved with a small amount of hot water and the solution set 
aside for crystallization. The magma of cristals is separated, 
washed with a little cold water, dried on porous plate and re- 
cry.stallized from 15 to 20 times its weight of 25 p. c. alcohol. The 
melting point of this oxidation product, the erythritol mentioned 
above, lies at 235 to 236’, or if heated rapidly at 237 to 238 . It 
is sparingly soluble in ether, ligroin, ethylacetatc, or chloroform; 
not readily in cold alcohol or water, but more readily in these 
solvents when hot. The mother liquid from the erythritol is 
shaken out with ethylacetatc and then supersaturated with sul¬ 
phuric acid in the cold. This acid liquid is shaken out once 
with ether and then exhausted by shaking with ethyl aectate. 
The ethyl acetate takes up an acid which crystallizes out 
upon proper concentration of the solvent. Recrystallized from 
about six times its own weight of water, «,(i'-dihydroxy-«- 
methyl-«'-/sopropyladipic acid melts at 189 with the elimination 
of water. 

Even in the cold, terpinenc is readily attacked and destroyed 
by the chromic acid mixture prepared according to Dcckmann’s 
directions.-’) This property can be made use of when terpinenc 
is to be removed from mixtures containing pincnc, camphene, 
limonene, tcrpinolene, cineol, and pinol since these substances 
are stable toward this oxidizing agent in the cold. 

>) Liebig's Annalen iWB (ITO, 297; comp, also Gildemeistet and Muller, 
Wallach-Festxhrift, Gdttingen 1409, p. 443. 

*) Berl. Berichte 27 (1894), 815. 

GaurMCiSTCK, THt volatile oils. 
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Phellandrene. 
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l-’licllandrcne belong.s to tho.sc hydrocarbons that are 
widely distributed. In nature it occurs in several modifications. 
According to Wallacli'), phellandrene is defined as "a hydrocarbon 
C,„ll|„, which wlien brought into contact with N.^0,, in an in¬ 
different, non aqueous .solvent (ligroin) at a temperature below 
0 - hence under conditions that exclude inversion as much as 
possible yields ,il once a well characterired nitrite". 

Of the natural phcliandrenes the «- and the (/-varieties should 
be kept quite distinct. Of the e-variety, the (/-e-pliellandrene has 
been found in gingergrass oil, .schinus oil, bitter fennel oil, the 
Spanish dill herb oil, both Ceylon and Seychelle cinnamon oil, 
and elemi oil; the /-»-phellandrenc in Australian eucalyptus oil 
and star anise oil. 

,/-Phellandrene has been found in water fennel oil (d-), in 
lemon oil, schinus oil, star anise oil, in the oil of Eucalyptus 
aniygdalina and probably in coriander oil and cumin oil. 

In most other instances when the presence of phellandrene 
has been reported, it does not become apparent which phellandrene 
it is that has been identified. In most instances, however, it ap¬ 
pears to be ir-phellandrene which appears to be accompanied by 
traces of ../-phellandrene. Hence the conditions appear to be 
similar to those observed in connection with «- and ./-pinene. 
In addition to the occurences mentioned above, phellandrene has 
been found in the following volatile oils; 


') Liebie’s Annalen (1004), 10. 
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rf-Phellandrene in Siberian pine-needle oil, in the oil from 
the wood of Cxsalpinia Sappan and in angelica root oil. 

/-Phellandrene in the needle oil from Picea excelsa, the 
needle oil from Pinus montana, pimenta oil, bayberry oil from 
the Bermuda islands and in the oil from the seeds of Monodora 
grandiflora. 

Without reference to the optical rotation, the presence of 
phellandrene has been recorded in the oils of lumperusphcenicea, 
Andropogon laniger, curcuma, ginger, pepper, magnolia, Mono¬ 
dora Mvrislica, Cinnamomum pcdunculaltim (bark), cinnamon 
root, camphor, sassafras leaves, geranium, frankincense. Eucalyp¬ 
tus acmenoides, angophoroides, capilellala, coriacea, crebra, 
Dawson/, Dclegatiensis, divvs, lasligiala, Fhtcheri, l/axinoidcs, 
hxmastoma, loxophlcba, Luehmanniana, ntacrorrhynclia, /ne- 
lanophhia, meliodora, m/crotheca, nigra, obHqua, oreades, owdi- 
lolia, 0 . var. lancealala, pulvcrule/tla, radiata, Pisdoni, robusla, 
rostr.ata, s/dcrophloia, sideroxylon var. patlens, Sieberiana, 
stcllulata, viininalis, virg,/la, vilrva, in German and English dill 
oil. in the oil of ajowan herb, and in the oils of peppermint, 
wormwood, goldenrod, and dog fennel. 

The phellandrenes belong to the least stable of the terpenes. 
Hence, when it i^ desired to isolate phellandrene from a volatile 
oil or to identify it, the oil should not be distilled repeatedly 
under ordinary prc.ssure, but should be fractionated under dimi- 
ni.shcd pressure. 

Synthetically, ((-phellandrene was obtained by Harries and 
[ohnson,') also by Wallach.'-') However, the products obtained 
were not of unquestioned purity. The only crystalline deri¬ 
vatives of the phellandrenes, the nitrosites, do not lend them¬ 
selves to the regeneration of the hydrocarbon. They are decom¬ 
posed with alkali,’) but no hydrocarbon C,„H„| results. In the 
study of phellandrene, it is therefore necessary to be content 
with fractions rich in phellandrene. For this purpose the fraction 
170 to 178 is usually taken. The properties of phellandrene, 
as recorded, pertain to such fractions. 

') Beri. Berichte as (1905), 1832. 

') Uebig's Annalen Sriit (1908), 283. 

') Wallach, Liebig’s Annalen 2 h; (1895), 374; SIB (1904), 30. 
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Of the constants observed, the following may here be 
mentioned: 

/-K-l-’hcllandrene from the oil of Eucalyptus amygdalina.') 

U. p. 173 to 173 (754 nim.), 50 to 52 (5 mm.); d„ 0,848; 
i'„ 84 10'; n„._„ 1,47W4. 

(/-((■Hicllandrene from gingergrass oil: -) b. p. 44 to 45 (4 mm.), 
175 to 17b (754 mm.); d,, 0,8.565; o„ -f40 40'. 

(/-ii-Phcllandrenc from elemi oil:“) b. p. 61 (11 mm.); d,„. 
0,844; n,„. 1,4732. 

,<-Hicllandrcne from water-fennel oil: b. p. 57 (11 mm.); 
d,„ 0,8520; ii„.„ 1,4788') and d„ 0,848; fo],, 4 14 45'; n„„, 
14750.") 

The optical rotation is very variable. It is reduced by the 
action of sun light.") 

As .already pointed out, phellandrene is relatively unstable. 
When heated to its boiling point it is polymerized. By the 
action of acids it is even more readily changed to inactive iso¬ 
mers. Thus by the action of hydrohalogen it is converted into 
dipentene, by alcoholic sulphuric-acid into terpinene. When acted 
upon by halogen or hydrohalogen, liquid compounds mostly result. 
When oxidized with potassium permanganate, «-phcllandrene 
yields the oily ((-hydroxy-.;-/sopropylglutaric acid, which, upon 
further oxidation with lead peroxide and sulphuric acid, is con¬ 
verted into isopropylsuccinic acid. The oxidation products obtained 
from ,(-phellandrene arc i-hydioxy-(-/sopropyladipic acid and v- 
/sopropylglutaric acid respectively.-) Upon oxidation of .(-phellan- 
drcnc with a one percent, solution of potassium permanganate, 
Wallach") obtained, in addition to I'-'/sopropylcyclohcxanone, 
ii-isopropylglutaric acid, /sobutyric acid, and an oily glycol. When 
.acted upon with dilute .sulphuric acid, this glycol yielded tetra- 

') Observations made in the laboratory of Schimme) & Co. 

’O Report of Sdiimmel Co. April ItNM, jtt. 

Wallach, Liebig's Annalen il!bi (1904), 12. 

Itiidvm 43. 

") ibidem (1905). 2. 

") Bacon, Philippine lourn. of Sc. 4 (1909), A. 101. 

■) Seinniler, Bert. Rerichte S(> (|903), 1749. 

') Liebig's Annalen m (1905), 12. 
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hydrocuminic aldehyde and some dihydrocuminic alcohol. When 
>'-phellandrene is oxidized with oxygen from the air, .1-/sopropyl- 
cyclohexanone results.') 

The only solid derivative of phellandrcne is its nitrite resulting 
upon the addition of nitrous acid, hence this is used for its iden¬ 
tification. Both phcliandrenes yield two nitrites, which, as first 
pointed out by Schreiner,*) are distinguished by their melting 
points. In order to ascertain whether an oil contains phcllan- 
drene, a solution of 5g. of sodium nitrite in 8g. water is placed 
beneath a layer of a solution of 5 cc. of the oil in 10 cc. of petro¬ 
leum ether. 5 cc. of glacial acetic acid are then added while 
shaking the mixture for the purpose of generating the necessary 
nitrous acid. The voluminous crystalline magma is removed 
with the aid of a force filter, washed first with water and then 
with methyl alcohol, and finally purified by repeated solution in 
chloroform and subsequent precipitation with methyl alcohol.") 
The crude phellandrenc consists of two modifications and the 
more soluble nitrite is lost in the above process. If it is desired 
to ascertain which phellandrcne is present in a given oil, it is 
neces.sary, therefore, to purify with the aid of acetone.') When 
precipitated fractionally with water, the nitrite of ((-phellandrcne 
can be separated into its two modifications melting respectively 
at 112 to 113 (or 113 to 114) and 105 ; jt-phellandrene into 
its two modifications melting at 102 and 97 to 98’ respectively. 
All of these have different angles of rotation, partly dextrogyrate, 
partly la;vogyrate. 

Unlike terpinene nitrosites, the phellandrcne nitrites cannot 
be converted into nitrolamincs. When treated with sodium alco- 
holate, ((-phellandrcne nitrite yields nitro-((-phellandrcnc. Upon 
reduction with zinc and glacial acetic acid, this yields carvotan- 
acetonc and dihydrocarvylaminc. The more energetic reduction 
with sodium in alcoholic solution yields tctrahydrocarvonc and 
tetrahydrocarvylamine.') ,i-Phellandrene, when treated with sodium 
alcoholatc, yields nitro-,<-phcllandrene. When reduced, this is con- 

') LiebiR's Annalen Ml (l<X)5), 24. 

*) Phamiaceutical Archives 4 (1401), 40. 

') Wallach and Gildemeister, LiebiR's Annalen SK (1888), 282. 

') Wallach, Liebig's Anrftlen W (1404), 13. 

•■■) Ibidem 30, 44. 
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verted into dihydrocuminic aldehyde (m. p. of the semicarbazone 
200 to 202 ), letrahydrocuminylaniine and cuminylamine. 

For the oxidation of .f-phellandrene the oxidation with a one 
percent, solution with potassium permanganate may also be re¬ 
sorted to, yielding a syrupy glycol (b. p. 150 attOmm.).') When 
heated with dilute sulphuric acid, this glycol is converted into 
dihydrocuminic alcohol and tctrahydrocuminic aldehyde (b. p. 220 
lo 230 ; d.,„ 0,03; n,,.,, 1,4003; m. p. of the semicarbazone 204 
to 205 , As byproducts /sopropyl-I-rt'c/ohcxcnc-2-one-4, and «- 
/sopropylglutaric acid, and /sobutyric acid result. 


SESQUITERPENES. 

In addition to the tcrpencs the higher boiling fractions 
of many volatile oils, r/'/., those between 250 and 280 , contain 
hydrocarbons corresponding lo the formula CuH., which have 
been named scsquilerpenes. Of these a considerable number 
have been isolated, bul tew have been investigated to any extent. 

A few oils consi.sl almost exclusively of sesquiterpenes. In 
most instances, however, they play but a secondary role. Their 
occurrence is so general that they mu.st be regarded as belonging 
to the most common constituents of the volatile oils. 

Artificially also sesquiterpenes have been prepared from the 
alcohols C|,,H,„0 which accompany the former in many volatile 
oils. These alcohols seem to stand in the same relation to the 
sesquiterpenes as does tcrpineol, C,„H„0 to the hydrocarbon 
rSevcrthcle.ss the addition of the elements of a molecule 
of water to a hydrocarbon by means of the glacial acetic 
acid - sulphuric acid mixture has been carried out successfully in 
but one instance. Whether the hydrocarbons obtained by 
the dehydration of the "se.squiterpene alcohols” are identical with 
the natural sesquiterpenes, Ims not yet been determined. 

In general, the boiling points of the sesquiterpenes lie be¬ 
tween 250 and 280 ; their density 0,86 and 0,93, as a rule above 
0,90. In most instances they are slightly colored. They are 
more viscid than the terpenes and have a faint odor. In part 


') Liebig's Annalen iUII (tWj), 12. 
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they resinify as readily as do the terpenes and they are diffi¬ 
cultly soluble in alcohol. As unsaturated hydrocarbons they add 
halogens, hydrohalogens, NOCI, N,Oj and N,0,. Some of them 
yield crystalline addition products which can be used for their 
identification. Their oxidation products, however, remain practi¬ 
cally unexamined. 

As to their constitution, nothing definite is known. Hence we 
are dependent on their physical properties for their classification. 
A better knowledge of the sesquiterpenes is rendered more difficult 
from the fact that the only method suitable for their isolation, 
namely that of fractional distillation, precludes the preparation of 
pure products. Based on their molecular refraction and relative 
density, they are classified as aliphatic, monocyclic, dicyclic and 
tricyclic sesquiterpenes.') As with the terpenes, these groups 
are characterized by regularity with reference to boiling point 
and more particularly to density. 

Mol.-Refr. (calc.) Density (15) 


aliphatic sesquiterpenes 

69,5 

about 

0,86, 


monocyclic „ 

67,76 

„ 

0,875 to 0,89, 

bicyclic „ 

66,15 

it 

0,90 

0,92, 

tricyclic „ 

64,45 

if 

0,93 

„ 0,94. 

In as much as only a few sesquiterpenes 

have been obtained 


in a pure state, it is frequently difficult to ascertain to which 
of the above groups they belong. The conditions of isomerism 
are even more complicated than among the terpenes. Never¬ 
theless it is not at all probable that the 60 to 70 known ses¬ 
quiterpenes are all different. No doubt, many of these will be 
found identical as soon as it becomes possible to obtain a clear 
view over this field as over that of the terpenes, since the ter¬ 
penes have become one of the best known groups of organic 
compounds. 

In the compilation which follows only those representatives of 
the sesquiterpenes will be discussed in detail the characterization 
of which has been made possible. 

') Theoretically tetracyclic .sesquiterpenes are also possible. In as much 
as none of these have yet been isolated, this mere reference to the group 
may suffice. 
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Aliphatic Sesquiterpenes. 

To this group there possibly belongs the “light sesquiterpene” 
which was isolated by Schimmcl 8| Co.') from Ceylon citronclla oil 
and which possesses the following properties: 

B. p. under atmospheric pressure 270 to 280' with much 
decomposition, at 137 under 15 mm. pressure; d|j, 0,8643; 

. I 28'; n,„,, 1,51849. 

This sesquiterpene, of which no derivatives arc known, is 
very unstable. When exposed to the air, it rcsinifies within a 
few days to a syrupy liquid. 


Monocyclic Sesquiterpenes. 

lSis,ihok'iw. 

Bisabolenc was first found by Tucholka-) in Bisabol myrrh 
oil. The same name was given later to sesquiterpenes which 
bad originally been known by other designations, but which had 
been found to be identical with it. 

In addition to its occurrence in Bisabol myrrh oil, it has 
been found in Siberian pine-needle oil, in the oil of Piper 
Volkcnsii, in camphor oil and in the oils of limette, lemon, 
bergamot and opopanax. 

Tor the hydrocarbon fractionated from lemon oil, Gildemcistcr 
and Miillcr") ascertained the following constants: 

B. p. 110 to 112 (4 mm.); d,., 0,8813; «|,-413r; n,,.,, 
1,49015, For the inactive .sesquiterpene regenerated from the tri- 
ehlorhydratc by means of sodium acetate and glacial acetic acid, 
they ascertained the following constants: 

B. p, 261 to 262 (751 mm.); «„ ■ 0 ; d,,. 0,8759; n„,„. 1,4901. 

With hydrogen chloride, bisabolene yields a trichlorhydrate, 
C|,,H.j,3HCI, which melts at 79 to 80 and which, according to 
Tucholka is optically active ([«]„(or -?) 35 17’in chloroform 

') Report of Schimmel S Co. October IMW, 23. 

') Arch, der Pharm. 23.-. (1807), 202. 

’) Wallach-Festschrin. Gottinsen 1000 , p. 448; Report of Schimmel 6 Co. 
October IIMH), 84. 
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solution), but which, according to Gildemeister and Muller, is 
inactive. Neither a solid nitrosochloride, nor a nitrosite, nor a 
nitrosate could be obtained from bisabolene. It adds 6 atoms 
of bromine. Whether the hexabromide, obtained by Schmidt and 
Weilinger') from the oil of Piper Volkensii, and melting at 154" 
is a derivative of bisabolene remains to be proven. 

For the characterization of bisabolene, the trichlorhydrate, 
obtained by passing gaseous hydrogen chloride into an ethereal 
solution of the sesquiterpene, is especially suited. Upon evapo¬ 
ration of the ether, it separates in handsome crystals, which can 
be further purified by recrystallization from alcohol. 


Zingiberene. 

This sesquiterpene, first found by Tresh -) in ginger oil, was later 
examined by v. Soden and Rojahn,”) also by Schreiner and Kremers.*) 
The last mentioned investigators a.sccrtaincd the following constants: 

B. p. abt. 270" (with decomposition), 160 to 161' (32 mm.); 
d,,„, 0,8731; [»]„-73,38'; n„ 1,49399. 

The nitrosochloride melts at 96 to 97", the nitrosite at 97 
to 98 , the nitrosate at 86 to 88 ’ and the dihydrochloridc at 168 
to 169". For the characterization of this hydrocarbon its di- 
hydrochloride can be prepared by passing hydrogen chloride 
into its solution in glacial acetic acid. After standing for two 
days, it crystallizes out in fine needles. The nitrosate also can 
be used for its identification since, according to Schreiner and 
Kremers, the yield obtained almost equals the theoretical yield. 

Bicyclic Sesquiterpenes. 

Cadinene. 

The best known representative of this subgroup as of the 
group of the sesquiterpenes in general is the cadinene, which is 
widely distributed and which occurs in both optical modifications. 

‘I Berl. Berichte ilS (1906), 65Z. 

Pharmaceutical joum. III. li (1682), 243. 

») Pharm. Ztg. 45 (1900), 414. 

') Pharmaceutical Archives 4 (1901), 63; Chem. Zentralbl. tWU, II, 1226. 
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(ACadincnc has thus far been found in the oil of the Atlas 
cedar, and probably also in West Indian sandalwood oil. 

/-Cadincne has been found in cade oil, from which it derives 
its name, and in the oils of cypre.ss, cubcbs, paracoto bark, 
angostura bark and ccdrella wood. 

In most of the references on the occurrence of cadinene, 
the direction of the rotation is not mentioned, thus in German 
and Swedish oils from Pinus svlwslris, the oils from Hnus 
imnlaiui, of ft'a-.T excclsa, juniper berries, savin, cedar leaves, 
cedar wood, Icmongrass, pepper, betel, ylang-ylang, camphor, 
Amorplhi Irulicosti, frankincense, African copaiba balsam (see 
below!), asafetida, galbanuni, American peppermint, patchouli, 
wormwood and goldenrod. 

Cadincne can be obtained in a relatively pure condition 
since it yields a well crystalli/cd diliydrochloride from which 
it can be regenerated, like the terpencs, by healing with aniline 
or with sodium acetate in glacial acetic acid solution.') For 
the hydrocarbon thus regenerated, Wallaeti found the following 
constants: 

B. p. 272 (uncorr.)'-'), 274 to 275 ; d,„ 0,918; ((i],, —98,56'; 
n,, 1,50647.") 

Schimmel 8j Co. found; 

H. p. 271 to 273 ; d,,. 0, 9215; H„-105 30'. 

The optical rotation varies considerably. In a number of 
instances where the natural sesquiterpene has been pronounced 
an active modification of cadincne, it has not been definitely 
established whether the hydrocarbon is really identical with 
cadinene, or whether it has been converted into a cadinene 
derivative by the action of hydrogen chloride. This is true e. g. 
of the sesquiterpenes in West Indian sandalwood oil and African 
copaiba balsam. It is at least noteworthy that a derivative of 
/-cadinene should have been obtained from these dextrogyrate 
oils, whereas the dextrogyrate hydrocarbon from Atlas cedar oil 
yielded derivatives of (/-cadincne. 


') Wallach, Liebig's Annalen 2W (1887), 84. 
*) liebig's Annalen 271 (1842), 303. 

>) Ibidem 252 (1884), 150; 271 (1842), 247. 
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When exposed to air, cadinene rcsinifies very readily with 
the formation of a polymerization product. When heated for a 
long time with dilute sulphuric acid, cadinene is altered, whereas 
the action of hydrohalogen appears to produce no essential 
change since the optical activity remains unaltered. Prolonged 
heating to 200’ likewise changes cadinene. An isomeric hydro¬ 
carbon is thus produced with the following properties; b. p. 145 
to 148’ (20 mm); d-", 0,9061; [«]|,-2,80’; n,,.,,,. 1,5041.‘) 

With nitrosyl chloride and nitrogen tetroxide, cadinene yields 
crystalline addition products. The nitrosocliloridc, of which only 
a small yield is obtained, melts at 93 to 94'; the nitrosate, which 
affords a better yield, melts at 105 to 110 . 

Especially characteristic arc the cry.stallinc addition products 
obtained with two molecules of hydrohalogcn, of which the dichlor- 
and the dibromhydrate arc used for identification. 

For the purpose of preparing the dichlorhydratc, fractions 
260 to 280' are diluted with twice their volume of ether, well 
cooled and saturated with hydrogen chloride. After prolonged 
standing, the ether is in part distilled off, in part allowed to 
evaporate spontaneously. The crystals of dichlorhydratc thus 
obtained arc dried on porous plate, washed with alcohol to remove 
oily impurities and recrystallized from acetic ether in which they 
can readily be dissolved with the aid of heat. The pure compound 
melts at 117 to 118 . It is optically active, [<']„ —37 27' in a 
5 p. c. chloroform solution. 

The dichlorhydratc can also be prepared with the aid of 
glacial acetic acid that has been saturated with hydrogen chloride. 
This modification is especially adapted to the preparation of the 
dibromhydrate (m. p. 124 to 125 ) and the diiodhydratc (m. p. 105 
to 106 ). The glacial acetic acid solution of the hydrohalogcn 
is added to the glacial acetic acid solution of the hydrocarbon. 

Carvophyllene. 

A second well characterized hydrocarbon, which belongs to 
the bicyclic group of sesquiterpenes, is the caryophyllene. However, 
it is not as common as cadinene. Up to the present time it has 

') Lepeschkin, |oum. russ. phys. chem. Ges. 40 (1908), 698. According 
to Chem. Zentralbl. 1«0S, II. 1354. 
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been found in appreciable amounts in the oil of cloves and the oil of 
clove stems, also in copaiba balsam oil. Furthermore, it has been 
found in the oils of pepper, betel, Ceylon cinnamon, Seychelles 
cinnamon!?), cinnamon root, canella alba, pimenta and lavender. 

Up to the present time, caryophyllene has not been prepared 
in a pure state. The physical constants recorded refer to fractions 
of clove oil or of oil of clove stems that were not perfectly pure. 
Caryophyllene obtained by distillation only from oil of cloves 
mostly contains some acctcugenol') from which it can be freed 
by saponification with alcoholic potassa. The sesquiterpene from 
oil of clove stems does not contain this impurity. 

For the caryophyllene from oil of cloves 

Wallach'-) found: B. p. 258 to 260'; d,,. 0,0085; n„ 1,50094. 
Erdmann") found: B. p. 119 to 120 (9 mm.), 123 to 124" (13 mm.), 
258 to 259 (752 mm.); d„. 0,9038. 

Kremers') found: d,,„ 0,9032; [(()„;,, -8,74 ; n,,,,. 1,50019. 

For the caryophyllene from Ceylon cinnamon oil, Walbaum 
and tfilthig"') found: 1). p. 260 to 261 ; d,s. 0,9047; —7'’20'. 

More recent investigations by Deussen and his colaborers") 
would seem to indicate that the fractions of clove stem oil 
designated caryophyllene consist of at lca.st two isomers, an 
optically inactive n-caryophyllene, and an active ,<-caryophyllcne, 
both of which have been characterized by derivatives. 

According to Schreiner and Kremers^ a dichlorhydrate, 
crystallizing in nL*edlcs and melting at 69 to 70°, results from 
the action of hydrogen chloride upon the caryophyllene-containing 
fractions of oil of cloves. From the crude caryophyllene of clove 
stem oil, Schimmel fj Co. obtained an active chloride of like 
melting point. Other investigators obtained from caryophyllene- 
containing fractions of various oils cither liquid chlorides, or 
chlorides of a different melting point. 

') L Erdmann, |oiirn. f. prahl. Chem. II. 58 (1887), 146. 

-I UebiR's Annalcn 271 (1882), 288. 

’) lourn. I. prakt. Chem. II. 58 (1887), 146. 

') Pharmaceutical Archives I (1888), 211. 

"') lourn. f. prakt. Chem. II. 88 (18021, 54. 

") Llehit-'s Annalen 858 (1807), I; S5t) (1808), 245; :!8SI (1808), 41. 

5 Pharmaceutical Archives 2 (1888), 286; Proceed. Americ. Pharm. Ass. 
47 (1880), 158. 
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By the action of nitrosyl chloride on caryophyllenc from clove 
stem oil, there results a nitrosochloride melting at about 160 ’. 
Upon fractional crystallization, however, it can be resolved into 
two compounds: an inactive «-caryophyllenc nitrosochloride (m. p. 
177 ) and an active ,f-caryophyllenc nitrosochloride (m. p, 159 ). 
Corresponding with these nitrosochlorides there are an (i-nitrol- 
bcnzylamine base melting at 126 to 128 and a f-nitrolaminc 
base melting at 172 to 173'. Both of these can also be obtained 
from the mixture of nitrosochlorides. By splitting off hydrogen 
chloride the nitrosochlorides yields the corresponding nitroso- 
caryophyllenes, of which the K-form melts at 116’, the ,t-form 
at 120 to 121 . 

With nitrous acid anhydride, caryophyllenc forms an optically 
active nitrosite, which crystallizes in blue needles, melts at 115', 
and is readily changed to other compounds by the action of 
solvents. There is also known an active caryophyllenc nitro.satc, 
which can be obtained by the action of amyinitrite and nitric 
acid on caryophyllenc or by the oxidation of the blue nitrosite with 
chromic acid. It melts at 130,5 . Nitrosates of caryophyllenc with 
different melting points are presumably derived from the ((-form. 

Upon oxidation with permanganate there results, according 
to Ueussen') and Haarmann^, in addition to a glycol 
(m. p. 120’), a kctoacid (scmicarbazonc melts at 186 ), 

a monobasic acid (m.p. 179,5 to 180,5 ), and a neutral 

substance C,„H„0,, (m. p. 145 to Me’). The liquid acids which 
result in this oxidation yield dimethyl succinic acid upon further 
oxidation. 

When acted upon with glacial acetic acid-sulphuric acid 
mixture, caryophyllenc yields a hydrate C|,.,H.,,0, caryophyllenc 
alcohol, melting at 94 to 96"’. This alcohol, the phenyl urethane 
of which melts at 136 to 137', is optically inactive. 

It is noteworthy that upon the ilehydration of caryophylicne 
alcohol caryophyllenc is not regenerated, but that an isomeric 
tricyclic hydrocarbon the clovene results. This differs 

materially in its properties from caryophylicne, but has not yet 
been found in volatile oils. 

') Liebifi’s Annalen 8»» (1408), 258; M (1404), 52; Bcrl, Berichte 42 
(1404), 376, 680. 

*) Berl. Berichte 42 (1404), 1062. 
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When attempting to identify caryophyllene, it should be 
remembered that the nitrosochloride and the nitrosate are derived 
from a different hydrocarbon than the blue nitrosite.') Hence 
the precaution should be taken to prepare the nitrosite as well 
as the nitrosochloride or nitrosate. 

h'or the preparation of the nitrosochloride, 5 ccm. of alcoholic 
hydrogen chloride are added to a well cooled mixture of 5 ccm. 
caryophyllene, 5 ccm. acetic ether, 5 ccm. alcohol and 5 ccm. ethyl 
nitrite. Under the influence of sunlight the nitrosochloride soon 
separates. 

For the preparation of the nitrosite, 5 ccm. of glacial 
acetic .acid arc cautiously added to a mixture of 5 ccm. caryo- 
phyllcnc, 12 ccm. petroleum ether and 5 ccm. of a saturated 
solution of sodium nitrite. In the cold the nitrosite crystal¬ 
lizes out. 

1 or the preparation of the nitrosate, a solution of 5 ccm. 
of concentrated nitric acid in 5 ccm. glacial acetic acid are 
cautiously added to a well cooled mixture of 3 ccm. caryo- 
pliyllcnc, 5 ccm. glacial aa’tic acid and 5 ccm. ethyl nitrite, 
t'inally alcohol is added and after 2 hours the nitrosate 
separates out. 

Quite convenient is the preparation of caryophyllene alcohol.-) 
2,0 g. of the hydrocarbon arc dissolved in a mixture of 1000 g. 
glacial acetic acid, 20 g. concentrated sulphuric acid and 40 g. 
water. After prolonged heating of the mixture, the more readily 
volatile products arc removed by distillation with steam, after 
which the pure alcohol is obtained by continued distillation. 

Sclinenv. 

While investigating the highest boiling fractions of celery 
seed oil, Ciamician and Silber') found a sesquiterpene which, 
however, they did not further characterize. When this ses¬ 
quiterpene was later on examined in the laboratory of Schim- 
mel 6| Co. it was ascertained that it was not identical with any 
of the known sesquiterpenes and was named selinenc. 


') Deussen, Liebig's Annalen :C># IIW7), I; S. 1 II (1908), 245. 
■■) Willach, Liebig's Annalen STI (1892), 288. 

') Bert. Berichte » (1897), 492, 501. 
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Selinene constitutes about 20"» of celery seed oil and can 
be obtained from fraction 265 to 273 . After repeated fractionation 
over sodium, it possessed the following properties: 

B.p. 120 to 121 (6mm.); d,., 0,9197; «„ i-35‘ ir; n,,,,. 
1,49863. 

Regenerated from its dichlorhydrate, it possessed the fol¬ 
lowing properties: 

B. p. 268 to 272 ; d,;. 0,9232; d,,„, 0,9196; «„ -|- 49 30'; n,,.,,,. 
1,50483; mol. refr. 65,82, corresponding to C„Hj, 66,15. 

The dichlorhydrate referred to is obtained by passing gaseous 
hydrogen chloride into an ctheral solution of the sesquiterpene. 
It crystallizes in fine needles, which when pure melt at 72 to 74'; 
[I'Ji, ! 18 (in 4,07" 11 chloroform solution). Selinene dichlorhydrate 
differs from the c;iryophyllene dichlorhydrate though both have 
simular melting points. Upon .splitting off hydrogen chloride, 
selinene is regenerated, whereas caryophyllcne dichlorhydrate, 
when submitted to like treatment, yields a new hydrocarbon. 

With nitrosylchloride or oxides of nitrogen, no solid derivatives 
could be obtained. 

judging from its molecular refraction, selinene belongs to 
the bicyclic group of sesquiterpenes. 

Humulene. 

This sesquiterpene, which was first discovered by Piccard, 
and which up to the present time has been found only in oil 
of hops and oil of poplar buds, closely resembles caryophyllene. 
Thus far the attempts to regenerate humulene from one of its 
derivatives have not been successful. Hence the constants had 
to be ascertained in connection with more or less pure fractions. 
Chapman,') who has devoted much study to the characterization 
of this sesquiterpene, records the following: 

B. p. 263 to266 (760 mm.); d,„.0,9001; «„-0,5 ; n„l,5021. 

The hydrocarbon obtained from poplar bud oil was slightly 
dextrogyrate. It is probable, however, that humulene itself is 
optically inactive and that the slight rotation was due to impurities. 


') lourn. chem. Soc. #< (IM5), 54. 
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Hydrogen chloride, when added, yields a liquid dihydrochloride, 
bromine an oily tetrabromidc. Upon hydration an alcohol results. 
Nitrosyl chloride is added with the formation of a nitrosochloride 
melting at 164 to 165', respectively at 164 to 170 . The nitrolbenzyl- 
amine base melts at 136', respectively at 132 to 133°; the nitrol- 
pipcridinc base at 153 . Nitrous acid is added with the formation 
of a nitrositc melting at 120 to 121', and of an /'sonitrosite melting 
at 166 to 168". lioth of these, when treated with sodium ethylate, 
yield nitroso- or /sonitro-sohumulenc, b. p. 185 to 195° (13 mm). 
The nitrosatc, m. p. 162 to 163 , is also known. Humulene can 
be identified by means of its nitrosochloride in the usual manner. 

S.vit,ilcnc. 

In addition to the two sanlalols. East Indian sandalwood oil 
contains two sesquiterpenes, a- and ,<-santalcne, so named by 
Ciucrhet.') 

((-Santaicne shows the following properties; 

li. p. 252 to 252,5 (uncorr.), 253 to 254' (corr.); d„, 0,9134; 
iii, - 13,98 (Guerbet). 

h.p. 118 to 120 (9 mm.); d.,„ 0,8984; »„--15 ; n,,1,491 
Semmler.*) 

,t-Santalene shows the following properties; 

U. p. 261 to 262 (uncorr.), 263 to 264 (corr.); d„ 0,9139; 
((,, — 28,55 (Guerbet). 

Ii.p. 125 to 127 (9 mm.); d.„ 0,892; (r„-35 ; n„ 1,4932 
(Semmler). 

According to Semmler, ((-santalene is to be regarded as a 
tricyclic sesquiterpene with one double bond, ,t-santalene as di- 
cyclic with two double bonds. 

((-Santalene combines with hydrochloric acid to a liquid 
hydrochloride. With nitrosylchloride a nitrosochloride, m. p. 122", 
results, the nitrolpiperidine base of which melts at 108 to 109". 
When oxidized with ozone, Semmler obtained the bicyclic eksan- 
t.alal(b.p. 112tol16 (9inm.); d„, 1,00; ((„-f abt. 4"; n„l,4872) 
which likewise results upon oxid,itlon of ((-santalol. 

') Co(npL rend. ISO (1400), 417, 1324; Bull. Soc. chim. IIL 83 (1400), 
217 and 540. 

') Berl. Berichte 40 (1907), 3321. 
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i^-Santalene adds two molecules of hydrogenchloride with the 
formation of a liquid dihydrochloridc.') The nitrosochloride exists 
in two isomeric forms, which melt at 152 ' and 106 respectively, 
and to which two nitrolpipcridinc bases (m. p. 101 and 104 to 
105' respectively) correspond. When oxidized with ozone a di- 
cyclic aldehyde results. 

Hence the two santalenes appear to stand in genetic relation¬ 
ship to the two santalols. The two santalenes can be identified 
by means of their nitrosochlorides and by their oxidation products 
with ozone. 

/sosantalcnes. The hydrocarbons resulting upon dehydration 
of the santalois arc, however, different from the santalenes. From 
the crude santalol Chapotcaut-) obtained two hydrocarbons, one 
C,.Ho|, b. p. 260 and another C,,.,H.„, b. p. 245'. The hydro¬ 
carbons obtained from the two santalols, Ciuerbet“) named iso- 
santalenes and recorded the following properties: 

((-/sosantalcne; b. p. 255 to 256 ; c,, i 0,2 . 

,t-/sosantalcne: b. p. 259 to 260 ; k,, • 6,1 . 

It is doubtful whether these two hydrocarbons arc ses¬ 
quiterpenes. 

Of the lesser known sesquiterpenes the following may here 
be mentioned: 

Atrxtylcnc. 

This sesquiterpene, which has not yet been found in volatile 
oils, was obtained by Oadamer and Amcnomiya') by the action 
of dehydrating agents on atractylol, a sesquiterpene alcohol. 

B.p, 125 to 126 (10 mm.); d,.,.0,9154; n„«,-1,50893. 

The liquid dihydrochloride, prepared from atractylol, when heated 
with aniline yields a hydrocarbon which differs from atractylenc. 

Caparrapene. 

Caparrapenc is a sesquiterpene which has been obtained by 
Tapia’’) by the action of dehydrating agents on caparrapiol, a 

‘) von Soden and Muller, Pharm. Ztg. 44 (I8W), 259. 

-') Bull. Soc. chim. II. :i: (1882), m 

>) Ibidem 111. 28 (1900), 543. 

*) Arch, dcr Pharm. 241 (1903), 33. 

•■■) Bull. Soc. chim. III. 1» (1898), 638. 
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se.sijuiterpenc alcohol occurring in the volatile oil from caparrapi- 
balsam. The hydrocarbon is a colorless liquid which is readily 
colored yellow when exposed to light. The following constants 
are recorded: 

h. p. 240 to 250 ; d,„ 0,9019; [«]„-2,2r; n 1,4953. 

When hydrogen chloride is passed into the glacial acetic 
acid solution of the sesquiterpene, an active dihydrochloride 
results melting at 83 . 


Guajcni'. 

Upon dehydr.-iting guajol, a new sesquiterpene alcohol isolated 
by Scliimmel Co.') Ironi guaiac wood oil, with zinc chloride, 
Wallach and Tuttle') obtained a new sesquiterpene the properties 
of which did not correspond with those of any of the known ones, 

H. p. 124 to 128 (I3mni.): d.,„ 0,910; n,, 1,50144. 

I or the sesquiterpene prepared from guajol according to 
Tchugaelf's x.inthogcnate method, A. Ciandurin") records the fol¬ 
lowing properties: 

It. p. 124 (II mm.); d',' 0,9133; d';' 0,8954; -66,11 ; 

'hi-:, 1,49468; mol. refr. 66,46. 

Ouajenc obtained by heating guajol with potassium acid 
sulphate possesses, accoiding to Gadamer and Amenomiya') the 
following properties: 

It. p. 123 to 124 (9 mm,); d-J'0,9085; [«1„-40,35; 
n,,,,, 1,50049; mol. refr, 66,2. 

Hence, guajene appears to belong to the bicyclic sesquiter¬ 
penes. Crystalline derivatives are not known. 


Sesquiterpene from Cade Oil. 

According to Troger and Feldmann,'') oil of cade contains, 
in addition to cadinene, a second, inactive sesquiterpene boiling 
between 250 to 260 . When treating oil of cade with hydrogen 

') Report of Schiinmel S Co. April IsttJ, 50 ; April ISfS, 42. 

•*) Liebip's Annalen 4711 (UW4), 30b. 

1 Bert. Berichte 41 (1008), 43b3. 

•) Arch, der Pharm. 241 (1003), 43. 

') Arch, der Pharm. 2#r, (1808), b02. 
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chloride, N. Lepcschkin *) obtained in addition to cadinenedihydro- 
chloride, a liquid chloride. For the sesquiterpene regenerated from 
this liquid chloride, he records the following properties: 

B.p.262to266 (760mm.): 135tol40 (20mm.); d-" 0,9204; 
n,„,„ 1,5159. 

Crystalline derivatives could not be obtained. Upon heating 
with hydrogen iodide to 200 , Lepcschkin obtained a hydrocarbon 
(b. p. 250 to 258 ; df 0,8946; n,,.,,, 1,4972) which he supposes 
may be identical with humulene. However, according to Schindcl- 
meiscr,-) it is a mixture of tctrahydrocadincne, cadinene and a 
new, optically inactive sesquiterpene. Schindclmei.ser is further 
of the opinion that the sesquiterpene of Lepcschkin still contains 
cadinene. For the pure sc.squiterpenc he records the following 
constants: 

B. p. 263 to 265 ; d.,„ 0,908; n„ ■ 0 ; n„ 1,5006. 

None of these investigators, however, succeeded in charac¬ 
terizing this new sesquiterpene. 


Sesquiterpene from Miniuk-Lagam-Balsam Oil. 

According to Haussner") the oil of Lagam balsam, which is 
closely related to gurjun bal-sam, consists almost exclusively 
of sesquiterpenes: 

B. p. 249 to 251 ; d,, 0,923; «„ -9,9 . 

The sesquiterpene is a light colored oil which resinifics 
quickly when exposed to the air. With hydrogen chloride it 
yields a chloride C,;,H..,, '3HC1, which crystallizes in long needles 
and which melts at 114 . 

The formation of a trichlorhydride from a sesquiterpene 
with a density of 0,923 is somewhat strange. Aside from this, 
the properties of the sesquiterpene as well as those of its chloride 
would seem to indicate cadinene. 

') loiirn. russ. phys. chem. Ges. 40 (tW), 126. According to Chem, 
Zentralbl. IDON, I. 2040. 

O loiim. russ. phys. chem. Ges. 40 (tW, 181. According to Chem. 
Zentralhl. IDOH, It. 508 

*) Arch, der Pharm. SSI 11883), 245. 
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Sesquiterpene from the Oil 
of the Bark of Ocotea usambarensis. 

According to Schmidt and Wcilingcr,') the sesquiterpene 
from this oil has the following properties: 

li. p. 136to 142 (12mm.); d.j„ 0,915; «„-r7 46'; n,,1,505. 

When acted upon with hydrogen chloride, a dihydrochloride 
(m. p. 116 to 117 ) results which is not identical with cadinenc 
dihydrochloride. 


Tricyclic Sesquiterpenes. 

CeJrenc. 

The term ccdrenc was originally applied to a sesquiterpene 
obtained by the dehydration of cedrol.-) Upon finding a similar 
sc.sqiiitcrpcne in oil of cedar, this likewise was designated cedrene. 
In as much as the identity of these two hydrocarbons has not 
been proven conclusively, it is be.st to treat them separately. 

The constants of the natural cedrene are recorded as follows:") 

U. p. 124 to 126 (12 mm.); d„, 0,9354; -.55 ; n,,1,50233. 

Natural cedrene has been examined by a number of investi¬ 
gators, more recently particularly by Semmicr and Hoffmann.*) 
Upon oxidation with chromic acid in glacial acetic acid solution, 
cedrone, results, which boils at 148 to 151 (11 mm.) 

and upon reduction is converted into /socedrol (b. p. 148 to 151 
at 9 mm.). Upon oxidation with permanganate in acetone solution, 
cedrene yields a glycol, C,,,H.„0.;, m. p. 160 ; a diketone or a 
kctoaldehydc CuH,,|0.„ the .semicarbazone of which melts at 234 ; 
and a cedrene keto acid, C,;,H„,Os, the semicarbazone of which 
melts at 245 , the oxime between 180 to 190 '. 

When oxidized with ozone, cedrene yielded e-ssentially the 
.same products. For its identification, the oxidation with per¬ 
manganate is resorted to. 

') Bert. Berichte (l'K)f'), 752. 

■•') Waller, Liebig'.s Annalen 311 (IS4II, 247. 

’) The constants of the artificial cedrene are recorded in the table of 
the .arlificially prepared sesquiterpenes on p. 346. 

') Deri. Berichte «»(1007), X2I. 
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Clovene. 

Upon dehydration with zinc chloride or phosplionis pent- 
oxide of the caryophyllene alcohol, obtained by hydration of the 
the hydrocarbon, Wallach') secured the clovcne, a sesquiterpene 
thus far not found in volatile oils. 

B. p. 261 to 263 ; d„, 0,930; n,,,, 1,50066; mol. refr. 64,77. 

Upon hydration, clovcne is not again converted into caryo- 
phyllcnc hydrate. For its identification a comparison of the 
physical constants has to be resorted to. By the action of 
para formaldehyde on clovcne, Genvresse") obtained an alcohol 
C|.,H.,.,CFl 50 H, m. p. 170 (12 mm.); d,, 1,001; d,, —7 '40' (in 
a 6,03 p. c. chloroform solution); n,, 1,508. This ought to be 
suited to the identification of the hydrocarbon. 

Heerabolcne. 

A sesquiterpene, probably tricyclic, has been found in Hccr- 
abol myrrh oil by 0. v. Friedrichs”) and designated hcerabolcne 
by him. 

B.p. 130tol36’ (16 mm.); d.,„ 0,943; «„ 14 12'; n,,,;,,. 1,5125; 
mol. refr. 64,98. 

Neither a characteristic bromide, nor a solid nitrosochloridc 
or nitrosatc could be obtained. With hydrogen chloride, however, 
a dihydrochloride melting at 98 to 99 resulted. As is the case 
with the sesquiterpene of galangal oil, the hydrogen chloride 
appears to have caused the cleavage of a cycle. 

Hevecnc. 

This .sesquiterpene is obtained, together with isoprenc and 
dipentcnc, upon the destructive distillation of caoutchouc or 
gutta percha.') Thus, 5 ko. of para caoutchouc'■) yield about 

') l.iebis’s Annalen Sil (18921, 292. 

9 Compt. rend. 1»H (1904), 1228. 

9 Arch, der Pharra. i4» (1907), 208. 

*) Williams, laiircsber. d. Chem. IMR), 495; comp, also Beilstein, Hand- 
hucli d. org. Chem. 3"' ed,, vol. ,3, p. 538. 

') G. Bouchardat, Bull. Sac. chim. II. 34 (1875), 108. Comp, also 
A. Bouchardat, Liebifi’s Annalen 27 (18.38), 30; Himly, ibidem 27 (1838), 40. 
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230 g. isoprcnc, 2000 g. dipcntcne and 600 g. hevcene.") To a 
smaller extent polyterpencs also arc formed. Bouchardat records 
25,3 to 265 as boiling temperature. With hydrogen chloride a readily 
dccompo.sibic monhydrochloride Cl is stated to be formed. 

In the tables which follow, those sesquiterpenes are mentioned 
which have been found in volatile oils and of which some of the 
physical constants are known and which do not appear to be 
identical with known, well characterized sesquiterpenes. 


Sesquiterpene from 

B. p. 

d 

"d 

n„ Remarks 

Ageratutn oil*) 

2b(l 



- 

Angelica root oil ’) 

240 to 270 



- 

Angostura hark oil‘) 
(Cialipcne) 

235 to 2b0 

0.412 
(14 ) 

-fO 

Will) hydrogen chloride, 

1 Win 

dccompostbic liquid 
, pifldiicts arc lormcd 

Oil from the leaves of 
Amoipbii frutium ') 

230 to 2b0 

0.410 
(15 ) 

- 

. r/v.-cn The presence of cJjinenc 
has .ilbti been proten 

Oil from (he rhizome 
of Aiidht niidiCiinhs 
(Araliene)") 

2b0 to 270 

0,408b ' 
(20 ) 

■ 7 to 8 
(benzene 
solution) 

1,44430 

Bnldo leaf oil ) 

205 to 275 

-- 

7 

- 

Calamus root oiD 

255 to 258 

0.442 
(0 ) 
0.4323 
CM ) 




') The name lie\ccne was suggested hy Bouchardat from the name of the 
plant Nvvea fiuinnaisis which yields the caoutchouc. 

*) van Romburgh, Report of Schiinmel S Co. April isfW, 53. 

”) Ciamician and Silber, Ucrl. Berichtc ‘if* (1840), 1811. 

') Beckurls and Trtegcr, Arch, der Rharm. *33*1 (18*)8), 3Q7. 

Pavesi, Lstr<itto daJI' Annihino dvihi Sik. Chimicn di Milano II (1'504), 3; 
Htr.itto dai "Hcndiconti" del li. 1st. tomb, di sc. e htt. (II.) (1^), 487; Report 

of Schimmel ft Co. October 1W)4, d. 

"1 Alpers, Americ. |ourn. Phami. 71 (18*>J). 370. 

■I Tardy, loiirn. de Pharm. et Chim. VI. tld04), 132. 

') Kurbato\K, Liebig's Annalen 17% (1874), 4; comp. Schimmet's Bericht April 
1HS!», 7 and Apotheker Ztg. 21 (140b), 487. 




Hydrocarbons. 


343 


Sesquiterpene from B. p. 


"o 


Remarks 


Oil of Cdrimaitcaiilis') 
ICarlinene) ' 


Cascarilla oil-') I 


Cascarilla oil I 


139 to 191“ 0,8733 
' (20 mm.) (22,8“) 

; 178 to 181“ 

(100 mm.) 0,9(1 . 
2.55 to 257“ (20°) 
(7(!0mm.) 

185 to 190" 

(100 mm.) 0,924 , . 
2b0 to 2b5° (20") 

(7tO mm.) 


1,492 


. 23,49" 


7,3b “ 


Ceylon Citronella oil ') 
(tieavy sesquiterpene) 


Conima resin oil') 
(Conimene) 

Cryptomeria oil') 
(Suginene) 

Cubeb oil") 


170 to 172" ■ 

(lb mm.) 0,912 
272 to 275 " (I5“) 
(7b0 mm.) 

2b4'' 


0,918 M„-UV.34’ 
2b2 to 2b3“ la.'vogyrate 


tScithiT of these sesqui¬ 
terpenes yielded a solid 
hydruchlondc, hiomidc 
or iiiiiositv 


CiystaMine denvatisca 
uere not ohlaiiied 


Ljauirnr iilsii IS IixiikI tn 
Iho (III Sii|{iniiir piudium 
lti|iii(liiiiailMin imiitiKtiiKilti 
mill oi li\i(reliflli>i:rn 


llH- 


■quilripciii: li.utKin 
iinsiftrsifiiilly iiFiMainmr 


Oil from r.ticalypUis , 

hd'maiitnma, 
also from several other 
eucalyptus oils') 
(Aromadendrene) 


.00 (0 205 "^- 


fire weed oil') 240 to 310* 


‘) Semmler, Chem. Ztg. (I880), 1158. 

*) Thoms, Apotheker Ztg. I4 (ISW), 562; Fcndler, Arch. derPhann. £^0900), 688. 
“) Schimmet's Bericht October 19. 

') Stenhouse and Groves, Liebig’s Annalen IW (1876), 25.'J: Journ. chem. Soc. 
2» (1876), 175. 

') Kimura, Berichte d. deutsch. pharm. Ges. 18 (1909), 569. 

") Wallach, Liebig's Annalen 23S (1887), 18. 

■) H. G. Smith, (ourn. and Proceed. Royal Soc. of N. S. W. 85 (1901); Report 
of Schimmel fit Co. April 1902, 41. 

") Beilstein and Wiegand, Berl. Berichte 15 (1882), 2854. 
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8«K<|uiterpene from 

B.p, d 

"D Op Remarks 

Galangal oil') 

2:)0to240” 

-j-f 1-)’ 1 mm' "I*'’*"' « 

2| ]2 1,4^22 ylil(l«itlhviIr(Khlorldeniel> 

tifiK si Sl» 

Gurjun balsam oil-) 
Kiurjimcnc) 

0,‘)207 

115 to 118'^ to 
(7 inm.) 0,*J247 

(ir>“) 

3j 1,50252 Crystalline dcnvativei 

lipto—130'' (20”) were not obtained. 

Hemp oil ‘) 
(Cannahenc) 


' W'llh hydrogen chloride 
["]jj t0,8r a solid hydrochloride 

results. 

Hemp resin olH) 

2 rr 8 to 2 b 0 

(18") 

I"lu s,b' 

Kesso loot oil ') 

2b0to 280° - 

_ ’ A *oltil hvilrovhloridc could 

not N otiiaincd. 

Uurel berry oil') 

abt. 250" 

(15") 

-7,227'-’ 

Uvender oil') 

l.'iO (l.5mm.l 

.. 

Oil from /.vptth 
spvifnmn / ivcrsiUffcr) 

0,1024 

115') 

1,5(152 

(16°) 

Licnaloe oiH. jMexican 

LiO to 140' 

(10 tnm I 

; Adds lour atoms of 
bromine. 

Oil from /iardostucbya 

250 to 234“ 

(15) 

- 


't Schindclinciser, Chem. ZtK. it! (11021, 30S. 

■) Unpublished ob.serv.ition made in tlie laboratory of Schiramel« Co 

'I Wood, Spivey and tasterlield, loom. chem. Soc, bfl (18%), SOI. 

') Uertram and Uildemei.ster, Arch, der Phann. SSn (1810) 48b. 

*) Bias, Liebig's Annalen (41 (I8b5), I. 

‘I Semmler and Tiemann, Berl. Berichte ili (l(W2), 1187, 

"I Baker and Smith, |oum. and Proceed. Royal Soc. of N. S, W. ItMKi- Rcoort 
of Schiinmel 8 Co. October UlOB, 4b. ’ 

"I Barbier and Bouveault, Compt. rend. 121 (1815), fbS. 

rv . ? ' Report of Schimmel 8 Co. 

ucioncr to. 
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Sesquiterpene Irom 

B.p. d 

“o tin Remarlis 

Patchouli oil') 

i 



2(4 to 265"! 

' 

1. Sesquiterpene 

(760 mm.) i0,9335 
59 to 96° , (15°) 

-.58“45' 1 - 


(3 to 4 mm.) 

1 

i 

11. Sesquiterpene 

273 to274°^Jf»| 

+ 0°45' 1 

1 

Oil from Pillosporam 
undiilatuw'-') 

363 )0 274°:^! 

4. i 1.5030 1 

! (20°) 1 

1 

Sage oil’) 

264 to270°.“'^I^| 

1 3-^14' ; - i 

! 

Sandarach resin oil') 

260 to 280°.'’;™^ 
*1 

1 No tryAUIIine drrirallvei 

t i** uMaimd with 

' hydroisrn chloridr, nitroijrl 

(.hlorldr and mlroKfn oaldr. 

Valerian oil ') 

160 to 165° 1 i 

(50 mm.) i ' 

■ Q')° — 

' 

Vetiver oil") (Vetivcne) 

0,932' 

(740 mm.) ; 
I35°(12mm.) ’ ’j 

I IQO IQ’ 1 .. ^‘*‘*’* 

' ' '4 alomh o( bromine. 

Winters barlt oiP) 
(Winterene) 

260 to 270 ° 0,9344 
(265°) (13°); 

1 The hydrochloriilc la 

1 1 liquid. 

Oil of European 
Wormseed') 

255 ° 0,9170 

1 

1 

i 


') von Sodcn and Koiahn, Berl. Bcrlchtc !)? (1904), 3353. 

3 Power and Turin, (ourn. chetn, Soc. H» (190b), 1083. 

') Sugiura and IVluir, Pliarmaceutica) journ. III. 8 (1877), 191, 994; |oum. cliem. 
Soc. 1877, II. 548; )oum. chem. Soc. »7 (1880), 678. 

*) Henry, journ. chem. Soc. 79 (1901), 1149. 

‘) Ollvidro, Compt. rend. 117 (1893), 1096; Bull. Soc. chim. III. II (1894), ISO; 
13 (1895), 917. 

*) Cenvresse and Langlois, Compt. rend. 185 (1902), 1059. 

') Arata and Canzonari, Anales de la Sociedad Cientilka Argentina. According 
to Arch, der Pharm. 327 (1889), 813. 

“) Report of Schimmel 5 Co. October 18(18, 69. 
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or the artificially prepared sesquiterpenes that have not 
been identified with any of the well characterized ones, the 
following may be mentioned: 


Sesquiterpene B. p. 

d 

"l) 

"i. , 

Remarks 

Caryophylicne dichlor- 
hydrate of the m. p. 
to 70 ^') 

0,0101 

(20") 


1,40801 


Cedrol'^) (Cedar cam¬ 
phor resp. to 264' 

cypress camphor) 

0,0,167 

(15") 

— 85'"' 57' 

1,40708 

(20") 

A small yrcid of nitroso- 
chloiidc,m.p.I00tol02, 
was obtained 

Cubeb camphor ') 




IhiA Ht(|tiitorprm.‘ ia uid 
ii> p(>hh( ih 4 itmcUntA RtmiUr 
to ihoAc ol (hr hvdruiarhon 
found «illi lAdim-nr in oil 
lit iiiNb 

Sesquiterpene alcohol 

rtniii 

liucalyptiis (i/ohiflus *) 

102 to 

1. Sesquiterpene 

(748 min.) 

11,80.56 
(15 ■) 

- 55' 48' 

1,40287 

(20") 

- 

II. Sesquiterpene 

^ ‘ (75l^ mm.) 

0,02.)6 

05') 

' 58" 40' 

).,50602. 
(20") ; 


OonyslylolT '•‘J,"' ' 

^ ^ (l/inm.) 

0,0183 

07") 

■ 40 


.Mol. rcli found no,* 

Ledum camphor") 264' 

(Ledol) 1 (752 mm.) 

0,0340 
(0 ) 
0,02,17 
(10 ■) 

- 

i 

j 


Maali alcohol’) •'5*',“’“','' 

• (754 mni.) 

0,0100 1 
05") ' 


1,52252 

(20") 

M<4 refr. found 

Patchouli alcohol') 255 to 256" 

0,0,134 

05") 

-36" 52' 

i 

- 


') Schreiner and Kremer.s, The Sc.sqiiilcrpenes, Milwaukee Ih04, p. t08. 

•') Report of Schimtnel ft Co. October ItHU, 24 and April 1910, 46. 

■') E. Schmidt, Uerl. Berichte 10 (1877), 188. 

') Report of Schimmel 6 Co. April likM, 52. 

'■) Cyken, Recueil des tr.iv. chim. des P.-B. 2I> (1006), 44. According to Chem. 
Zentralbl. 1900, I. 842. 

") Rirza, loom. russ. phys. chem. Oes. issi, dlQ; Berl. Berichte SO (1887), Ref. 562. 
T Report of Schimmel 8 Co. November IIKtS, 130. 

') Report of Schimmel 8 Co. April 1904, 60. 
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Sesquiterpenes that have not yet been further charac¬ 
terized have been found in the volatile oil of Bkmea balsami- 
fera, in the oils of basilicum, cajeput, Abies alba, fennel, hem¬ 
lock needles, laurel leaves, wild thyme, and milfoil. 


ALCOHOLS. 


ALIPHATIC ALCOHOLS. 

Of the monatomic alcohols of the saturated or methane 
scries but few representatives have thus far been found in volatile 
oils. In the free stale they arc found but rarely and then only 
the lower homologucs; more commonly, however, combined with 
latty acids. The occurrence of both free alcohol and free acid 
may in most instances be attributed to the saponification of 
esters during the process of distillation. If the material to be 
distilled contains carbohydrates, it may occur that the presence 
of free alcohols is due to fermentation previous to the distillation. 
Thus, c.g. ethyl alcohol has been observed in the distillate of 
rose petals that had been bulked for a short time only. 

The methods of preparation of these alcohols arc those 
commonly in vogue. In factory practice, volatile oils containing 
esters, particularly of the higher members, are used as first 
materials. Very serviceable is also the method of llouvcault and 
Blanc,') according to which primary alcohols arc obtained upon 
reduction of the esters of the respective acids by means of 
sodium and alcohol. 

With the increase in the number of carbon atoms, the pro¬ 
perties of the aliphatic alcohols undergo material change. Hence, 
so far as seemed necessary, attention is directed thereto. 

The individual alcohols can be identified by means of their 
constants, also by their oxidation products. As specially charac- 

') G.I.P. 164294. Comp.alsoConipt.rcnd.i:t«(1903),1676| 1.1"(1903),60. 
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tcristic derivatives, the phenylurethancs should be mentioned. 
These arc obtained by mixing cqiiimoiccular parts of phenyl/so- 
cyanate and the alcohol in question. Upon standing of the mix¬ 
ture, the urethane separates in crystalline form. 

Methyl alcohol, CH.,OH, occurs frequently among the 
products of distillation of plant material with water vapors. On 
account of its ready solubility in water it is frequently found in 
the aqueous distillate only, together with furfurol and diacctyl. 
It is assumed that these three substances result as decompo¬ 
sition products of the cellulose of the crude material during the 
process of distillation. Up to the present time, methyl alcohol 
has been found in the aqueous distillate of the oils of cypress, 
savin, vetiver, and orris, of the oils from the leaves of Indigofera 
g.ilcgoides, the leaves from the Guatamala indigo plant, coca leaves, 
sappan leaves, also in the aqueous distillates from the West-Indian 
.sandalwood oil, tea oil, oil of cloves, oil of tucalyptus atnygdalina, 
bay oil, pastinaca oil, garden chervil oil, the oils of Herachum 
Sphondyliiim, and H. giganlaim, also of ageratum oil. In addition 
it has been found as myristic ester in orris oil, as benzoic 
ester in the oils of tuberose (?) and ylang-ylang, as cinnamic 
ester in the oil from the root of Alpinia malacccnsis and 
watara oil, .is salicylic ester in the oil from tuberose pomade, 
birch bark oil, cananga oil, oil of rue, oil of cassie flowers, 
tea oil and wintergreen oil, as ester of methyl anthranilic acid 
in mandarin oil and ,is anthranilic ester in the oils of neroli 
and jasmin. 

Methyl alcohol can be identified by its boiling point 64 , its 
density 0,810 at 15 and chemically by its conversion into methyl 
iodide and neutral oxalate which melts at 54 . 

Ethyl alcohol, C-.ti,,OH. As normal constituent of volatile 
oils, ethyl alcohol has been observed only in a few instances; 
thus in the first fraction of the oils of Indigolera and of the 
fruit of Morinda citrilolia, also in the aqueous distillate of 
Eucalyptus amygdalina, of chevril oil, pastinaca, and Heracleum 
giganteum. Its occurrence in the distillate of rose petals that 
have undergone fermentation has already been mentioned. As 
ester it occurs as butyrate in the oils of Herachum Sphondylium 
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and H. giganteum, as caprinate in cognac oil, and as cinnamate 
in storax oil and ka;mpferia oil. 

As one of the most common adulterants of volatile oils, 
alcohol plays an important role. 

It is identified by means of its constants (b. p. 78 ; d„, 0,794) 
also by its conversion into either ethyl iodide or iodoform. 

n-Buty! alcohol, CHj(CH,);CHj01i, occurs as ester in 
Roman chamomile oil. At 20’ its density is 0,810 and it boils 
at 117 '. Its phenyl urethane melts between 55 and 56 .'■) 

CH., 

hobutv! alcohol, CHCH.,OH, is contained, accor- 
CH„ 

ding to H. Ci. Smith, in the aqueous distillate of Eucalyptus 
auiygdaliria. It boils at 108,4 ; sp. gr. 0,8003 at 18 . Its phenyl 
urethane melts at 80 .') 

CH., 

hoamyl alcohol, C1ICH,CH,0H, occurs as such 
CH, 

in the oils of Eucalyptus Globulus, E. amygdalina. in geranium 
oil from Reunion,’) lavender oil and french peppermint oil. As 
ester it occurs in the oils of Eucalyptus Globulus, E. aggreg,ita, 
in Roman chamomile oil and in cognac oil. 

It is readily recognized by its irritating odor, boiling point 131, 
its phenyl urethane melting at 52 to 53 and by its oxidation to 
/sovaleric aldehyde and /sovalerianic acid. 

n-Hexyl alcohol, CH,(CH,),CH,,OH, occurs as ester in 
the oil of male fern and in the oils of Hcracleum Sphondylium 
and H. giganteum. It boils at 157' and has a specific gravity 
of 0,8204 at 20 . Upon oxydation it yields capronic acid b. p. 205 ’. 

Active hexvl alcohol (,f.,y-methyl ethyl propyl alcohol) 

C.,H, 

CHCHXH,OH, 

CH, 

occurs as ester of angelic acid in Roman chamomile oil. It is 

') Blaise, Bull. Soc. chim. III. 2# (1903), 327. 

-■) It has not been definitely established whether this is the common 
/soamyl aicohol or not. 
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dextrogyrate, [-<]„ i 8,2 ; d„,. 0,829 ; b.p. 154 . Chromic acid 
mixture oxidizes it to active capronic acid boiling between 196 
to 198 . 

Hcptyl a/cohol. Of the heptyl alcohols, the melhyl-n- 
,im)l carbinol, (-[.j 

’ CHOH 

has been found in oil of cloves by Masson.') He enumerates 
the following constants: b. p. 157 to 158 ; d,, 0,8344. Upon oxi¬ 
dation with chromic acid mixture it is converted into methyl-n- 
amyl ketone, the scmicarbazone ot which melts at 122 to 123 
and can be used for identification purposes. For this the pyro- 
iivic acid ester is likewise suited, the scmicarbazone of which 
melts at 118 to 119 . 

n-Octyl alcohol, CH,(CH,,),,CH.,OH, probably occurs in 
the free state in the oils ol Hvmicum Spliondylium and H. gi- 
f;,vilmtn, in which it also occurs as acetate. As propionate (?) 
it has been found in pastinaca oil, as butyrate in male fern and 
pastinaca oils, as /sovalcrate in male fern oil, as capronate, 
caprinate and laurinatc in the oil ol H. Sphondylium. 

It is identified by means of its constants (b.p. 196 to 197 ; 
d|,| 0,8278), also by its oxidation to octylic aldehyde (the ,t-naphtho- 
cinchoninic acid of which melts at 234 ), or to caprylic acid 
(m. p. 16,5 and b. p. 232 to 234 ). 

n-lionyl alcohol, CM,,(CH.,);CH.,OH, has been found as 
ester of caprylic acid in sweet orange oil. Under ordinary 
prc.ssure it boils at 213,5 and has a rose-like odor somewhat 
resembling that ol citroncllol. For the alcohol, purified through 
the phthalic ester, Stephan'-) records the following properties; 

B. p. 98 to 101 (12 mm.); d,, 0,840; u„ O'; n,,,., 1,43582. 

rSonyl alcohol can be identified by means of its oxidation pro¬ 
ducts (nonyl aldehyde and pelargonic acid, m. p. 12,5 ), also by 
means of its phcnylurcthane which melts at 62 to 64 . 

‘I Compt. rend. 149 (IW), MO. 

I |oiim. I. praht. Ghent. It. 62 (1900) 532. 
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As secondary nonyl alcohol, melhyl-n-heptylcarbinol, 

CH,, 

CHOH, 

CH,(CH,). 

has been found by Power and Lees') in an Algerian oil of rue, 
and by Masson ') in clove oil. Its properties arc recorded as 
follows; 

B.p.t98to200 (765 mm.); dlJ, 0,8273; (50mm.)—3 "44' 

(Power and Lees); b. p. 195 to 196'; d„ 0,8399 (Masson). 

It can be identified by its oxidation product, methyl-n-hcptyl- 
ketone and the scmicarbazone of the latter (m. p. 118 to 119 ). 
With pyrouvic acid it forms an ester which boils at 126 to 127 ’ 
(16 mm.), and the scmicarbazone of which melts at 117 . 

Undecyl alcohol. A .secondary undecyl alcohol, methyl- 

zj-nonvl-carbinol ,,,. 

LH,, 

CIlOH, 

CH,(CH.,), 

has also been found in the Algerian oil of rue mentioned above. 
Lor the purified alcohol. Power and Lees record the following 
constants: 

li. p. 231 to 233 ; n,, (25 mm.) - I 18'. 

It is identified by means of its oxidation product, the mcthyl- 
n-nonyl ketone, the oxime of which melts at 46', the semi- 
carbazonc at 123 to 124 . 

Of unsaturated aliphatic alcohols the hexylene alcohol C„H|.0 
which occurs in the tea leaf oil, and the alcohol C,H„|0, pro¬ 
bably an octylenc alcohol, which occurs in Caulthcria oil, may 
be mentioned as representatives of the lower members of the 
scries. Of much greater interest, however, arc the terpene 
alcohols C,|,H,sO, linalool, gcraniol, and nerol; furthermore, the 
unsaturated chain alcohol C,„H„,|0, citronellol. These occur as 
such and as esters in volatile oils of which they are important 
constituents because of their fragrance. 

') )oum. chem. Soc. SI (1902), 1592. 

') Compt. rend. 149 (1909), 630. 
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dextrogyrate, [-<]„ i 8,2 ; d„,. 0,829 ; b.p. 154 . Chromic acid 
mixture oxidizes it to active capronic acid boiling between 196 
to 198 . 

Hcptyl a/cohol. Of the heptyl alcohols, the melhyl-n- 
,im)l carbinol, (-[.j 

’ CHOH 

has been found in oil of cloves by Masson.') He enumerates 
the following constants: b. p. 157 to 158 ; d,, 0,8344. Upon oxi¬ 
dation with chromic acid mixture it is converted into methyl-n- 
amyl ketone, the scmicarbazone ot which melts at 122 to 123 
and can be used for identification purposes. For this the pyro- 
iivic acid ester is likewise suited, the scmicarbazone of which 
melts at 118 to 119 . 

n-Octyl alcohol, CH,(CH,,),,CH.,OH, probably occurs in 
the free state in the oils ol Hvmicum Spliondylium and H. gi- 
f;,vilmtn, in which it also occurs as acetate. As propionate (?) 
it has been found in pastinaca oil, as butyrate in male fern and 
pastinaca oils, as /sovalcrate in male fern oil, as capronate, 
caprinate and laurinatc in the oil ol H. Sphondylium. 

It is identified by means of its constants (b.p. 196 to 197 ; 
d|,| 0,8278), also by its oxidation to octylic aldehyde (the ,t-naphtho- 
cinchoninic acid of which melts at 234 ), or to caprylic acid 
(m. p. 16,5 and b. p. 232 to 234 ). 

n-lionyl alcohol, CM,,(CH.,);CH.,OH, has been found as 
ester of caprylic acid in sweet orange oil. Under ordinary 
prc.ssure it boils at 213,5 and has a rose-like odor somewhat 
resembling that ol citroncllol. For the alcohol, purified through 
the phthalic ester, Stephan'-) records the following properties; 

B. p. 98 to 101 (12 mm.); d,, 0,840; u„ O'; n,,,., 1,43582. 

rSonyl alcohol can be identified by means of its oxidation pro¬ 
ducts (nonyl aldehyde and pelargonic acid, m. p. 12,5 ), also by 
means of its phcnylurcthane which melts at 62 to 64 . 

‘I Compt. rend. 149 (IW), MO. 

I |oiim. I. praht. Ghent. It. 62 (1900) 532. 
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fractionation of the oil which has previously been saponified. 
As a result, the constants recorded for linalool apply to pro¬ 
ducts thus obtained. If it is desired to free the alcohol from 
indifferent substances, such as the terpencs, it can be converted 
into the sodium salt of the acid phthalic ester according to 
Tiemann s method') by allowing phthalic acid anhydride to act 
on sodium linalool. The sodium salt of this acid phthalic ester 
of linalool is soluble in water and can be saponified with alco¬ 
holic potassa. In as much as linalool is subject to changes 
when distilled from an alkaline .solution with water vapor’) - 
changes that are indicated by a reduction in the optical rotation 
— the regenerated alcohol mu.st be shaken out of the alcoholic- 
alkaline solution by means of ether. 

According to the nature of the crude material, also accor¬ 
ding to the method of preparation, products have been obtained 
that varied slightly in their properties. In judging the purity of 
a product the following data may be used for comparison. 

15. p. 197 to 199 ', 85 to 87 (10 mm.); d,, 0,870 to 0,875; 
n,,,,,., 1,4630 to 1,4690.’) 

15. p. 86 to 87 ■ (14 mm.); d,„ 0,8622 (?); n,, 1,46108.') 

15. p. 198 to 199" (760mm.), 88,3to 89,5 (13 mm.); d,,,0,870; 
n,,.,, 1,4668.'') 

In connection with technical products obtained in the lab¬ 
oratory of Schimmcl 8; Co., the following constants have been 
observed: 

15. p. 197 to 199 ', 69 to 71 (4 mm.); d„,0,869 to 0,873; 
I!,, —3 to —17', resp. +9 to -f 13 ; n,„„. 1,462 to 1,464; 

soluble in 10 to 15 vols. of 50 p. c. alcohol, in 4 to 5 vols. of 

60 p. c. and 1 to 2 vols. of 70 p. c. alcohol. 

The angle of rotation is not fixed, the highest thus far 
observed is that for /-linalool from limette oil (o],, —20' 7',") for 

') Bert. Berichte St (t898), 837. 

5 These changes appear to be of a chemical nature and not due merely 
to inversion. The angle of rotation of Alinalooi is not altered by boiling 
with potassium hydroxide. Charabot, Bull. Soc. chim. III. 81 (1894), 549. 

*) Stephan, joum. f. prakt. Chem. It. .'>H (1898), 110. 

') Tiemann, Bert. Berichte 31 (1898), 834. 

*) Cildemeister, Arch, der Pharm. 333 (1895), 179. 

ClLUENtlSTLS, The VOLATlir OILS 23 
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tZ-linalool fro?n sweet orange oil ["li, i 19 18'-‘) In most in¬ 
stances, and more particularly in specimens with a low angle of 
rotation, the products arc, no doubt, mixtures of both optical 
modifications, in which one or the other predominates. 

Artificially linalool can be obtained, though in the inactive 
modification only, when geraniol is heated with water to 200" in 
an autoclave ; or hy the action of hydrogen chloride on geraniol 
and subsequent treatment ot the linalyl chloride thus obtained 
with alcoholic potassa or silver nitrate.') As to its formation 
from geranylphthalatc of .sodium see p. 361. 

As an unsaturated alcohol with two double bonds, linalool 
reveals additive capacity. It combines with bromine, also with 
hydrohalogen to compounds which, with the exception of linalyl 
chloride,') C|„I1|;CI (b. p. % to % at 6 mm.), have been in¬ 
vestigated but little. 

The unsaturated tertiary character ol the alcohol is revealed 
by its behaviour towards re.igents. Whereas alkalies act on it 
but little in the cold, organic acids convert it cither into geraniol, 
nerol, or - in the piesence of a little .sulphuric acid into 
terpineol. Mineral acids change it to cyclic compounds, the 
change being accompanied either by the abstraction of vrater 
or the addition ol water. Thus, when shaken with a .5 p. c. 
sulphuric acid, terpin hydrate is formed;-') when heated with 
glacial acetic acid and acetic anhydride, there are formed geranyl 
acetate, the acetate ot the solid terpineol") with an optical rotation 
opposite to that of the linalool used as starting point, also ncryl- 
acetatc.') b'ormic acid at loom temperature (20 ) converts it into 
its own formate, also into the formate of the solid terpineol 
with opposite rotation. Howcvci, when gently heated (60 to 70 ) 
formic acid dehydrates it, yielding the hydrocarbons dipcntcnc 
and terpinene.'’) 

Stephan, journ. f. prakt. Chem. II. 02 (1900), 529. 

■“) Report o( Schimmcl Co. April IMts, 27. 

') Tiemann, Berl. Berichle 31 (189S), 852; Berichte von Roure-Bertrand 
l-ils October \m, 27. 

*) Dupont and Labaune, Berichte von Roure^Bertrand Fils October RMK), 21. 

') Tiemann and Schmidt, Ucrl. Berichte 2H (1895), 2137, 

") Stephan, )ourn, f. prakt. Chem, II. 58 (1898), 109. 

■) Zcitschel, Ber). Berichte »1i) (1906), 1780. 

") Bertram and Walbaum, |ourn, f. prakt. Chem. II, 45 (1893), 601. 
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fractionation of the oil which has previously been saponified. 
As a result, the constants recorded for linalool apply to pro¬ 
ducts thus obtained. If it is desired to free the alcohol from 
indifferent substances, such as the terpencs, it can be converted 
into the sodium salt of the acid phthalic ester according to 
Tiemann s method') by allowing phthalic acid anhydride to act 
on sodium linalool. The sodium salt of this acid phthalic ester 
of linalool is soluble in water and can be saponified with alco¬ 
holic potassa. In as much as linalool is subject to changes 
when distilled from an alkaline .solution with water vapor’) - 
changes that are indicated by a reduction in the optical rotation 
— the regenerated alcohol mu.st be shaken out of the alcoholic- 
alkaline solution by means of ether. 

According to the nature of the crude material, also accor¬ 
ding to the method of preparation, products have been obtained 
that varied slightly in their properties. In judging the purity of 
a product the following data may be used for comparison. 

15. p. 197 to 199 ', 85 to 87 (10 mm.); d,, 0,870 to 0,875; 
n,,,,,., 1,4630 to 1,4690.’) 

15. p. 86 to 87 ■ (14 mm.); d,„ 0,8622 (?); n,, 1,46108.') 

15. p. 198 to 199" (760mm.), 88,3to 89,5 (13 mm.); d,,,0,870; 
n,,.,, 1,4668.'') 

In connection with technical products obtained in the lab¬ 
oratory of Schimmcl 8; Co., the following constants have been 
observed: 

15. p. 197 to 199 ', 69 to 71 (4 mm.); d„,0,869 to 0,873; 
I!,, —3 to —17', resp. +9 to -f 13 ; n,„„. 1,462 to 1,464; 

soluble in 10 to 15 vols. of 50 p. c. alcohol, in 4 to 5 vols. of 

60 p. c. and 1 to 2 vols. of 70 p. c. alcohol. 

The angle of rotation is not fixed, the highest thus far 
observed is that for /-linalool from limette oil (o],, —20' 7',") for 

') Bert. Berichte St (t898), 837. 

5 These changes appear to be of a chemical nature and not due merely 
to inversion. The angle of rotation of Alinalooi is not altered by boiling 
with potassium hydroxide. Charabot, Bull. Soc. chim. III. 81 (1894), 549. 

*) Stephan, joum. f. prakt. Chem. It. .'>H (1898), 110. 

') Tiemann, Bert. Berichte 31 (1898), 834. 

*) Cildemeister, Arch, der Pharm. 333 (1895), 179. 
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derivative, or is treated with metallic sodium in alcoholic solution, 
or when it is heated to 220 to 230 ’ with zinc dust,') The sodium 
derivative of linalool is readily .soluble in an excess of linalool 
and can be utilized for preparing this alcohol in a pure state. 

When reducing linalool with nickel and hydrogen, Enklaar") 
obtained, in addition to 2,6-dimcthyloctane, 2,6-dimethyloctanol-6, 
CH,. CH(CH,) (CK,).,- C(OH)(CH,) ■ CH,- CH,, 
thus supporting the correctness of the formula of Tiemann and 
Semniler given above. 

The esters of linalool, so far as those occurring in volatile 
oils are concerned, are liquids with a more or less strong and 
agrcable odor, which cannot be distilled without decomposition 
under ordinary pressure. The synthetic preparation of these esters, 
however, ij, coupled with difficulties since linalool is rather sus¬ 
ceptible toward acids. Hence, when linalool is boiled with acid 
anhydrides or when treated in accordance with the G.I.P. 80711, 
the products w'hich result consist in the main of esters of linalool, 
but also conlain tho.se of gcraniol and terpincol. 

Compounds suited to the idcntific.ition of linalool are the 
phenylurethanc, melting at 6.5 to 6b , and the K-naphthylurethane 
melting at 53'. For its further identification it can be oxidized to 
citral and this characterized by the citral-t-naphthocinchoninic acid 
discovered by Doebner. If citronellal be present with citral, both arc 
first separated by means of their acid sulphite addition products. 


or 


H,C 

H.,C 


Geraniol. 


C CH,. CH, CH., C;CH CH,,OH 


H,C 

H,C 


CH, 

C;CHCH,,.CH,C:CHCH.,OH 


CK, 

Isomeric with linalool is geraniol C,„H„0 which is distin¬ 
guished from the former by its optical inactivity, higher boiling 


') Semmler, Ber). Berichte 27 (1^4), 2520. 

Berl. Berichte 41 (19CW), ^)83; Recueil des trav. chim. des R-B. 27 
(1^). 411; Chem. Zentraibi. \m, II. W2b. 
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point and higher specific gravity. It is the “lemonol” of Barbicr 
and Bouveault, the “rhodinol" of Erdmann and Huth and of Poleck. 
Both as such and as ester it is found rather frequently in volatile 
oils. It constitutes the bulk of palmarosa oil, of German and 
Turkish rose oils, and is found in appreciable quantities in the 
oils of geranium, citronella and lemongrass. It has further been 
found in the oils of gingergrass, Canada snakeroot, ylang-ylang, 
champaca flowers, nutmeg, sassafras leaves, laurel leaves, kuro- 
moji, tetranthera (?), cassie flowers (from Acjcia Cawnia and 
A. rirnesiana), ncroli, petitgrain, coriander, Mexican and Cayenne 
lignaloe, of Darwinia fascicularis (?), Eucalyptus Macarthuri, 
L. Staigeriana, Uptospermum Uwrsidgci, verbena, .spike (?) and 
lavender. As acetate it occurs in the needle oil of Callilris 
glaiica, the oils of palmarosa, lemongrass, sassafras leaves, kuro- 
moji, lemon, petitgrain, Eucalyptus Macarthuri, E. Staigeriana, 
Uptospermum Ihersidgei, Uarwinia fascicularis arid lavender; 
as /sovalerianate in .sassafras leaf oil; as //-capronatc in pal¬ 
marosa and lavender oils; and as tiglinate in geranium oil. 

As a primary alcohol, geraniol forms a crystalline addition 
product with calcium chloride,') which is insoluble in ether, ligroin, 
benzene and chloroform, and which is resolved into its com¬ 
ponents by water. By this extremely simple method, geraniol 
can be obtained chemically pure (see below). With magnesium 
chloride, calcium nitrate and magnesium nitrate, crystalline deri¬ 
vatives are likewise formed.-) 

For the usolation of geraniol from mixtures with hydrocarbons 
and other substances a number of other methods have been sug¬ 
gested. All of them have this in common that they aim at the 
preparation of an acid phthalatc of geraniol. This c.stcr can be 
prepared either by the action of phthalic acid anhydride on the 
sodium compound of crude geraniol, ') or by heating geraniol 
with phthalic acid anhydride without solvent in the water bath') 
or in benzene solution.') The c.ster can be purified through the 

') lacobsen, Liebifj's Annalen 157 (1871), 234. 

■) Report of Schimmel & Co. April ISDo, 44. 

’) Tiematm and Kriicer, Bert. Berichte 29 (I8db), 901. 

*) H. and E. Erdmann, joiirn. f. prakt Chem. II. TiS (1897), 15. 

') Flatau and Labbe, Compt. rend. 128 (1898), 1725; Bull. Soc. chim. III. 
19 (1898), b33; Stephan, journ.f. prakt. Chem. II. (K) (1899), 248. 
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crystalline silver salt. The geraniol is regenerated by saponifying 
either the acid ester, or its sodium salt, the latter being pre¬ 
pared from the silver salt. These methods, however, do not 
possess any advantages over the calcium chloride method. In¬ 
deed, they are more complicated and yield no purer product. 

Purified geraniol, prepared by one or the other of the above 
mentioned methods, is a colorless, oily liquid with a rose-like 
odor which is optically inactive. When exposed to the air it is 
modified, taking up oxygen and suffering in its fragrance. Its 
properties arc recorded as follows: 

It. p. 110 to 111 (10mm.), 121 (18 mm.), 230 (under at¬ 
mospheric pressure).') 

It, p. 120,5 to 122,5 (17 mm.); d.,„ 0,8804(!); n„„, l,4766.-0 

It, p. 110,5 to 111 (corr„ at 10 mm.); d';’ 0,8812.’) 

d,, 0,880 to 0,883; n,,,. I,47bt) to 1,4786.') 

In connection with products prepared by themselves on a 
large scale Schimmel 8; Co. observed the lollowiiig properties: 

It. p. 220 to 230 ( 7,57 mm.), 114 to 115 (12 mm.); d,., 0,883 
to 0,886; n,,.,,, 1,476 to 1,478; soluble iii 8 to tSvols. ol 50p, c. 
alcohol and in 2,5 to 3,5 vols. ol 60 p. c. alcohol. 

Upon oxidation geraniol. as primary alcohol, yields citral, 
from which it can again be obtained by reduction. ') In as much 
as citral has been obtained synthetically, geraniol also belongs 
to tho.se substances that can thus be obtained. 

Upon application ol Sabatier and Sendcrens'') method, 
HouvcaulU) succeeded in converting geraniol well nigh quan¬ 
titatively into citral. This method consists in the catalytic action 
ol copper on primary .alcohols at high temperature. 

Geraniol, or rather its acetate, results together with tcrpincol 
and nerol, when linalool is heated for a long time with acetic 

Ikrlram and Gildemeisler, lourn. f. prakt. Chem. 11. (18*37^ 508. 

*) Tiemann and Sennnier, Ikrl. Ikrichte (18<J3K 2711. 

■) H. and L. trdmann, |omn. f. prakl. Chcin. H. aJl (UW), 3; lierl. Berichte 
»1 (1808). Anni. 1. 

‘) Stephan, Inurii. f. praht. Diem. 11. 7>s (1808), 110; (1800), 244. 

■') Tieni.mn, Berl. Berichte (1808), 828. 

") Compt. rend, 13B (1003), 7;i8, 021. 08.J. 

*) Hull. Soc. chini. IV. 8 (1008), 110. 
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acid anhydride.') The reverse reaction takes place when geraniol 
is heated with water to 200 in an autoclave. At higher tem¬ 
peratures hydrocarbons and their polymerization products arc 
formed.*) When hydrogen chloride is allowed to act on a mix¬ 
ture of geraniol and toluene, linalyl chloride results which, with 
silver nitrate, yields linalool.*) Hence it can be explained how 
Tiemann*) could obtain linalool when treating geraniol with 
hydrogen chloride and saponifying the reaction product with 
alcoholic potassa. 

In general, geraniol is not as readily acted upon by acids 
as is linalool. However, the action of acid reagents may cause 
ring formation, oir/ogcraniol being produced. When boiled with 
acetic acid anhydride it is quantitatively converted into the acetate, 
but not isomerized. When shaken with dilute sulphuric acid it 
is converted into terpinhydrate, as is linalool, but nol as readily.') 
Concentrated formic acid, like potassium acid sulphate or phos¬ 
phoric acid, acts as dehydrating agent. Whereas the action of 
potassium acid sulphate is said to produce an open chain hydro¬ 
carbon,’') the other reagents produce terpenes. Thus formic acid 
produces u-terpineol, dipenlene and terpinene."). Upon reduction 
of geraniol with platinum sponge and hydrogen, Willstatter and 
Mayer') obtained a mixture of 2,6-dimethyl octane and 2,b-di- 
mcthyloclanol-8. The same products were obtained by Cnklaar") 
with Sabatier's method. In addition, however, there resulted a 
cyclic alcohol C,|,H.,„0 nol further characterized. 

In the cold geraniol is scarcely acted upon by alkalies. 
When heated with concentrated alcoholic potassa to 150 , Ihcrc 
is formed, according to Itarbier,”) a tertiary alcohol C„H|,0 


■) Bouch.ir[|.n, Compt. rend. 1 IB (IS't.'i), I2.V); Ticinann .and Scmmicr, Bcrl. 
Berichte iO (I8d3), 2714; Stephan, |ourn.f. prakt.Chem. II. •'iS (1898), 111. 

') Report of Schimniel fit Co. April 1S98, 27. 

■*) Ticmann. Berl. Berichte III (1898), 832; Dupont and Lahaunc, Berichte 
von Roure-Bertrand hils October ItMUl, 27. 

‘) Tiemann and Schmidt, Berl. Berichte ds (I89.h), 2138. 

•■) Semmler, Berl. Berichte d4 (1891), (i83. 

") Bertram and Gildemeister, )ourn. I. prakt. Chem. II. W (1894), (93; 
•">11 (1896), 236; Stephan, |oum. f. prakt Chem. II. BO (1899), 244. 

■) Berl. Berichte tl (1908), 1475. 

') Ibidm 2083. 

'1 Compt rend. liB (1898), 1423. 
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while carbon dioxide is being split off. However, this statement 
is based on an error since the resulting alcohol is methyl heptenol 

C,H„A') 

The addition products of bromine and hydrohalogen are 
mostly liquid and readily dccomposible. However, a crystalline 
telrabromide of geraniol, melting at 70 to 71', un be prepared.*) 

As already pointed out on p. 358 geraniol yields upon oxi¬ 
dation with chromic acid mixture first an aldehyde, citral, 
C|„H|,|0.“) Under special conditions, however, methylheptenone 
can also be obtained,') Other “Abbau" products arc likewise 
obtained, so that the reaction is by no means a quantitative one. 
When shaken with very dilute permanganate solution polyatomic 
alcohols arc presumably first formed. With chromic acid mixture 
these arc oxidized to acetone, la.'vulinic acid and oxalic acid.'’) 
In as much as geraniol is optically inactive and a primary alcohol, 
the above oxidation products have lead to the adoption of the 
following formula, viz., that of dimcthyl-2,6-octadiene-2,6-ol-8. 

CH, ■ C (CH„): CH ■ CH,, ■ CH., • C (CH,); CH • CH.,OH.“) 

The isomeric formula given above, however, appears to have 
some points in its favor. Like citroncllol, geraniol can add sodium 
acid sulphite, namely two molecules since it has two double bonds.') 

The occurrence of esters of geraniol in volatile oils has 
already been mentioned. In as much as geraniol is relatively 
stable toward acids, its esters can be obtained either by the 
action of acid anhydrides on geraniol, or by the action of acid 
chlorides on geraniol in the presence of pyridine.") The esters 
of the fatty acids are all liquid and their odor becomes fainter 
with the increase of the radicle of the acid introduced. The 
formate and the acetate are described among the esters. 

'I Report ot Schimmcl & Co. October tsxs, 27; Ticraann, tterl. Scrichte 3t 
(ISbS), 2901. 

V. Soden and Treft, Bert. Bcrichte ttit (IdOb), did. 

■) Seminler, Bert. Bcrichte (1(H)), 29b5; 24 (1891), 203. 

') Scmmicr, Bert. Bcrichte 2(t (1893), 2720. 

') Tieniann and Scmntler, Bert. Berichte 28 (1895), 2130. 

*) Ibidem 2132. 

') labbc. Bull. Soc. chim. 111. 21 (1898), 1079. 

') H. and E. Erdmann, |oum. f. praht. Chem. II. 3# (1897), 14; Berl. 
Bcrichte 31 (1898), 35b. 
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Of the other esters of geranio! the diphenylcarbaminic acid 
ester and the acid phthaiic acid ester should be mentioned. 
Both are crystalline. The former may well be u.sed for the 
identification of geraniol (see p. 362) whereas the latter (m. p. 47 )') 
may be employed in the preparation of pure geraniol. It should 
be noted, however, that geranylphthalate of sodium is partly 
converted into linalool when subjected to distillation with steam.*) 
A tetrabromide of the geranylphthalic acid is also known which 
melts at 114 to 115“. The silver salt melts at 133“. When 
preparing this acid it is best to work in benzene solution for 
the purpose of avoiding higher temperatures, for otherwise the 
geraniol is completely destroyed. The following derivatives remain 
to be mentioned, viz., geranyl-d-naphthylurethane (m. p. 47 to 48"), 
geranyl-di-,t-naphthylurethane (m. p. 105 to 107 ), and the geranyl- 
urethane (m. p. 124"). 

For the purpose of separating geraniol from a gcraniol- 
containing oil one can proceed, according to Bertram and Gilde- 
meister,'') in the following manner: Equal parts of the oil and 
finely powdered calcium chloride are carefully mixed in a mortar. 
The mixture, which as a result of the reaction has heated itself 
to 30 to 40 , is set acide for .several hours in a desiccator in a 
cool place. The solid mass is pulverized and triturated with 
anhydrous ether, benzene or low boiling petroleum ether, trans¬ 
ferred to a force filter and washed with ether, respectively 
benzene or petroleum ether. To the mixture of geraniol-calcium 
chloride with the excess of calcium chloride, water is added thus 
causing the geraniol to be regenerated. The separated oil is 
washed repeatedly with warm water and finally distilled with steam. 

The separation of geraniol from its mixtures according to 
this method is not quantitative. Moreover, the oil to be thus 
treated should contain at least 25 percent, of geraniol. If only 
small amounts of material are available, it is bc.st to use for 
characterization the diphenylurethane of geraniol 
(C„H,),NCOOC.„H.„ 

first recommended by Erdmann and Huth.*) For its preparation 

') Flatau and Labbd, Compt. rend. 1:% (184S), 1725. 

*) Stephan, |ourn. t. praW. Chem. II. (W (1819), 252. 

“) lourn. f. prakt. Chem. II. M (1896), 233| (1897), 507. 

*) loum. f. prakL Chem. IL .5.1 (1896), 45. 
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the following directions are given:') 1 g. of oil, 1,5 g. diphcnyl- 
carbaminc chloride and 1,35 g. pyridine are heated for two hours 
on a water bath. The reaction product is .subjected to steam 
distillation and the residue, which .solidifies upon cooling, crystal¬ 
lized from alcohol. If much citronellol is present with the geraniol, 
it is difficult to obtain a pure product, since citronellol yields also a 
diphenyliirethane which, however, remains liquid. In such a case, 
urethanc.s with a low melting point (40 to 50 ) are first obtained 
which after repeated recrystallization from alcohol may show the 
melting point of the diphenyliirethane of geraniol, viz., 82,2. 

If geraniol is to be further characterized, it can be oxidized 
to citral and this converted into the citryl-t-naphthocinchoninic 
acid (see Citral). For this purpose, however, the alcohol must 
be fairly pure and not contain linalool, since this likewise yields 
citral with chromic acid mixture. If citial is pre.sent w'ith 
geraniol the former must first he removed which removal may 
be accomplished by treatment with sulphurous acid. 

A conversion of geraniol to citronellol is possible through the 
geianic acid. This is reduced to citronellic acid and the latter 
to citronellol.-’) Thus the proof is established that citronellol is 
dihydrogcraniol. 


Nvrol. 

This alcohol which is stcrcoisomcric with geraniol was found 
in Id02 in neroli oil') in which it occurs principally as acetate. 
ITirthermore, nerol has been lound in the oils of petitgrain, rose, 
Mexican lignaloes and Hvlkiinsiim angiistilolium. Synthetically 
it is obtained, together with geraniol and terpineol, by the action 
of acetic acid anhydride on linalool.') It is likewise obtained 
in small amount (about 5 p. c.) upon the reduction of citral. 

Nerol of unquestioned purity has not yet been obtained. The 
following constants were observed on a specially purified product: 

U. p. 226to227 (755 mm.); 125 (25 mm.); d,.., 0,8813; «„ 0 .'’) 
') lourn. f. prakl. Chem. II. Ml IIS')?), 28. 

••) Tiemann, tJcrI. Berichte 81 (1818). 28R9; Bouveaiilt and Gounnand, 
Compt. rend. 18s (IW), IPdl. 

■') Hesse and Zeitschcl, lourn. I. prakt. Chem. II. tkl (Id02). 502. 

') Zeitschcl, Berl. Berichte 39 (lilOW, 1780. 

V. Soden and Trcff, Chem. Ztp. 27 lldOh), 847. 



Alcohols. 


363 


Mcrol possesses an agreable, rose-like odor and in its 
chemical behavior reveals close similarity with geraniol. When 
shaken with dilute sulphuric acid, it readily yields terpin 
hydrate. Upon oxidation it yields cither citral or an aldehyde 
that possesses the odor of citral. Like geraniol it is unstable 
toward formic acid at higher temperature. With calcium chloride 
it docs not form a crystalline addition product, hence it can 
be separated, at least in part, from geraniol. A like separation 
may be affected by the diphenylurcthancs because of their dif¬ 
ferent solubilities in certain .solvents such as petroleum ether 
and methyl alcohol. 

Of its derivatives the tetrabromide') melting at 118 to 119 
and the diphenylurcthane-) melting at 32 to 53 should be 
mentioned. 

Cilronellol. 

H,C 

I. CCH..CI1CH..CHCH..CH.,0I1 

HX ■ ■ ■I ■ ' 

or ^**3 

H,C 

II. C:CHCH.,CH..CI1CH,CH,OH 

II,,C ■ ■ ! 

CH,, 

(The rhodinol of Barbicr?) 

Citroncllol, C|„H.,„0, was first obtained by Dodge^) by the 
reduction of citroncllal from citronclla oil. The citroncllol thus 
prepared like the aldehyde from which it is obtained, is dextro¬ 
gyrate. In volatile oils citroncllol has been found repeatedly. 
Both optical modifications occur in the geranium oils, /-citroncllol 
in oil of rose, and cf-citroncllol in citronclla oil from |ava and 
in the oil of barosma pukhdlum. Citroncllol has also been 
found in savin oil. Probably its esters as well as the free alcohol 
occur in volatile oils. 

’) V. Soden and Trcff, Berl. Ikrichte IK* (190b), 907. 

V. Soden and Treff, Chem. ZtR. 27 (1903), 897; comp. Report ol 
Schimmel ft Co. April 1914, 109. 

'^) Amcric. chem. |ourn. U (1889), 456. 
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As has been demonstrated, the alcohols described as “rho- 
dinol’") and “reuniol”0 revealed themselves as mixtures of 
citronellol and geraniol. The "roseol" of Markownikoff and 
Reformatsky,”) that constitutes the bulk of oil of rose, has like¬ 
wise been found to consist of a mixture of citronellol and geraniol. 
However, as a result of more recent investigations, Barbier and 
his colaborers, more particularly Bouvcault, insist that the Ilevo- 
gyratc alcohol C|„H.,„0 which occurs in pelargonium oil and oil 
of rose differs from the ordinary (/-citronellol more than by 
being merely its litvogyrate modification. Bouveault,') therefore, 
insists on the retention of the name “rhodinol". Whether this 
is justified remains to be seen. The work thus far done on this 
subject by Hes.se,'’) Wallach and Naschold,") Erdmann and Huth,’) 
Bertram and Gildcmeister,'’) Ticmann and Schmidt") has not yet 
settled the question. This much, however, is demonstrated that 
rhodinol consists at least in part of citronellol. 

According to Bouveault'") formula I should be assigned to 
citronellol, formula II to rhodinol. Ho is lead to this assumption 
by the different behavior of the corresponding aldehydes (comp, 
under citronellal). 

Of the citronellol, obtained by the reduction of citronellal, 
Schimmel ft Co.") prepared the pyrouvic ester and the semi- 
carbazone and thus established the identity of the latter deri¬ 
vative with ttiat obtained by Bouveault from ‘'rhodinol". The 
respective melting points are 110 to III and 112 . 

') Lckart, Arch, der Pharm. i’-’tl (ISdl), .'Lto; BcrI. Berichte 24 (18Q1), 4205; 
B.Tibicr and Bouveault, Conipt, rend. 11" (180,')), 177, 1002; Its (1894), 1154; 
It# (1894), 281, 3:14; 122 (189e), ,5,10, P73. 

*) Hesse, )ourn. f. prakt. Chem, II. .'itl (1894), 472. 

") Ibidem II. 48(1893), 293; Berl. Berichte 2:1 (1890), 3191; 27 (1894), Ref. 025, 

■) Bull. Soc. chini. 111. 211 (19(X)), 458. 

*) |oum. f. prakt. Chem. II. .50 (1894), 472. 

") Nachr. K. Gcs. Wi.ss. Ciottinpen l8ir>, Session ot February 8.; Chem. 
Zcntralbl. I8IN1, I. 809. 

') |ourn. f. prakt. Chem. II. Kl (189b), 42. 

') Ibidem 11. 4# (1894), 185; comp, also Report of Schimmel 6 Co. 
October 18144, 29; April 18145, 44. 

") Berl. Berichte 2# (189b), 903; .11) (1897), 33. 

”') Loe. cil. and Compt. rend. I:18 (1904), lb99; comp, also Barbier and 
Bouve.iult, Compt. rend. 122 (189b), 737. 

") Report of Schimmel h Co. October IIKM. 119, 
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Recent publications by Harries and Himmcimann') would 
seem to indicate that citronellol also consists of a mixture of 
two isomers, to which two separate formulas should be assigned. 
This conception may lead to an explanation of the differences 
in the investigations of citronellol found by Bouveault on the one 
hand and by Tiemann and Schmidt and Schimmel Si Co. on the 
other hand. 

Geraniol and citronellol occur frequently together. In as 
much as they cannot be separated by fractional distillation cither 
as such or in the form of their esters, and since the calcium 
chloride method docs not admit of a quantitative separation, it 
was difficult to obtain pure citronellol. In this Wallach*) first 
succeeded, who observed that when geraniol is heated with water 
in an autoclave to 250' it is completely decomposed with the 
formation of hydrocarbons, whereas citronellol remains unchanged. 

A method of separation suggested by Tiemann and Schmidt") 
depends on the action of phosphorus trichloride on the alcohols 
in ethereal solution. Geraniol is thereby converted partly into 
hydrocarbons, partly into geranyl chloride; citronellol, however, 
into a chlorinated acid ester of phosphorous acid which is 
soluble in alkalies and can thus be separated from the other 
compounds. The crude citronellol regenerated by the saponi¬ 
fication of the ester is purified by distillation with water vapor. 

A separation of the two can also be affected by heating the 
mixture of alcohols with phthalic acid anhydride to 200 . Where¬ 
as the geraniol is thus destroyed, the citronellol is converted 
into the acid phthalic acid ester, the sodium salt of which is 
soluble in water and which can be saponified by means of 
alcoholic potassa. According to Walbaum and Stephan*) the 
mixture can be heated with strong formic acid, whereby the 
geraniol is decomposed and the citronellol converted into the 
formate. According to Barbier and Bouveault") the geraniol 
can also be destroyed by heating with benzoyl chloride to from 
140 to 160 . 


*) Berl. Berichte 41 (1908), 2187. 

■) Nachr. K. Ges. Wiss. Gottingen Session oi February. 8. 
“) Berl. Berichte 59 (1896), 921. 

*) Berl. Berichte (1900), 2307. 

Compt. rend. 122 (1896), 530. 



366 


Principal constituents oe voutile oils. 


Artificially citronellol can be obtained from citroncllal, its 
corresponding aldehyde, by means of reduction with sodium 
amalgam and glacial acetic acid.') Other methods of formation, 
starting with geranic acid, have been suggested by Tiemann-) 
and by Bouveault and Gourmand.") The products thus obtained 
arc optically inactive. Furthermore, by the cleavage of menthon- 
oxime and change in the resulting aliphatic compound, Wallach') 
obtained an alcohol CmH..,, 0 which very much resembles citronellol, 
but is not identical with it. 

Pure citronellol is a colorless oil with an agreable, rose-like 
odor, but finer than that of gcraniol. According to its method 
of formation it reveals slight variations in its physical properties. 
Wallach-') determined the following constants in connection with 
a citronellol (rcuniol) obtained according to his method (sec above): 

I!, p. 114 to 115' (12 to 13mm.): d.0,856; .'„-r40'; 

n,,,., 1,45609. 

According to Tiemann and Schmidt,") (/-citronellol obtained 
by reduction of citroncllal, possesses the following properties; 

I!, p. 117 to 118 (17 mm.); d,;,.., 0,8565; 4-4 ; 

n„ 1,4,56,59. 

/-Citronellol, prepared from rose oil by means of the phos¬ 
phorus trichloride method, boils at 113 to 114' at 15 mm. pressure; 
d.,„. 0,8612; n,, 1,45789; and deviates polarized light 4‘'20' to the left. ■) 

For the alcohol, obtained from Rdunion geranium oil according 
to a method similar to that of Wallach, the following constants 
arc recorded: 

li. p. 225 to 226' (764,5 mm.); d,,. 0,862; «„-l 40'; 
n,,.,,. 1,45611.'). 

') Dodge, Americ. chem. |oum. 11 (1889), 463; Tiemann and Schmidt, 
Berl. Uerichte 29 (1896), 906; Crdmann, )ourn. t. prakt. Chem. II. .Ml (1897). 38. 

') Berl. Berichte »1 (1898), 2899. 

•■') Coinpt. rend. Ills (1904), 1699. 

') Liebie's Annalen 27S (1894), 316 ; 29« (1897), 129. 

*) Machr. K. Ges. Wis.s. Gottingen isiltl, Session of Tebruary 8.; leasehold, 
BeilrSm' zur Kenntnis aliphalischer Terpenverbindungen. Inaug.-Wssert. 
Gottingen 1896. p. 56. 

“) Berl. Berichte 29 (1896), 906. 

5 Tiemann and Schmidt, Berl. Berichte 29 (1896), 923. 

') Report of Schimmel S Co. April 189N, 58. 
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In the laboratory of Schimmd 8| Co. the following constants 
were observed in connection with their own preparations: 

Citronellol from |ava citronella oil: B. p. 109' (7 mm.); 
lOa" (5 mm.); d,.,. 0,8604 to 0,8629; «„ + 2'’7' to +2'’32'; 
n|,„.,. 1,45651 to 1,45791; m. p. of the silver salt of the acid 
phthalic acid ester 125 to 126'.') 

Citronellol from geranium oil: B, p. 225 to 226"' (764,5 mm.); 
d,,,, 0,862 to 0,869; slightly tevogyrate to — r52'; n,,.,,,. 1,459 
to 1,463; soluble in about 14 vols. 50 p. c. alcohol and in 3 to 
4 vols. of 60 p. c. alcohol. 

Citronellol is much more stable than geraniol and is not 
acted upon when heated with alkali. When shaken with a 10 p. c. 
sulphuric acid it adds water and is converted into a diatomic 
alcohol from which dehydrating agents regenerate citronellol.'-) 
Attempts to prepare a cyclic hydrocarbon C,|,H,, by dehydration 
have not been successful thus far. Its stability toward phos¬ 
phorus trichloride in the cold, phthalic acid anhydride and 
formic acid at higher temperatures, and toward the united 
action of heal and pressure in the presence of water, has al¬ 
ready been referred to in the discussion of the methods by 
which citronellol can be separated from the other alcohols. 
It is also worth mentioning that sulphurous acid and sodium 
acid sulphite can be added to the doubly linked carbon atoms 
of citronellol. 

As a primary alcohol, citronellol first yields the aldehyde 
citronellal, C|„H,^0, which, upon reduction with sodium amalgam, 
can be reconverted into the alcohol. As is the case with geraniol, 
the oxidation to the aldehyde is by no means quantitative, other 
oxidation products, such as citronellic acid. Sc., resulting.") If 
citronellol is first hydroxylized with dilute permanganate solution 
and the resulting glycol oxidized further with chromic acid mixture, 
acetone and ,i-methyladipinic acid result. According to the optical 
character of the citronellol, the latter oxidation product is ob¬ 
tained more or less active, or optically inactive. The melting 
point also varies accordingly from 82 to 96°, In as much as 

') Report of Schimmel 6 Co. April 190'.!, t4. 

'•) Tiemann and Schmidt, Bert. Berichte 29 (1896), 907. 

“) Tiemann and Schmidt, Bert. Berichte :10 (1897), 34. 
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citronellol can also be converted into the cyclic alcohol iso- 
pulcgol and this into pulegone, it has been assigned the formula 
dimcthyl-2,6-octene-2-ol-8. 

CH,C(CH,):CHCH,CH.,- CH(CHj)CH,- CH,OH.‘) 

Opposed to this view arc the observations of Harries and 
Himmelmann,'') referred to above, also those of Bouveault, 
viz., that citronellol is a mixture of two isomeric alcohols; to 
one of which may be assigned the above formula and to the 
other the formula 

CH,,. C(; CH,) • CH,- CH,- CH„- CH(CH,)CH.CH.,OH, 

The esters of citronellol, of which the acetate occurs in 
volatile oils, are readily obtained by the action of the cor¬ 
responding acid anhydrides on the alcohol. For further state¬ 
ments see under esters. 

The acid phthalic acid ester, which results when citronellol 
and phthalic acid anhydride arc heated together, differs from that 
of gcraniol in being liquid. However, it yields a well crystallizable 
silver salt from which pure citronellol can be regenerated,”) 

Citronellol can be characterized by its oxidation to citronellal 
(which see) and this in turn by means of its citronellyl-jf-naphtho- 
cinchoninic acid, or by means of its semicarbazone”) which melts 
at 84". In the absence of geraniol, citronellol can be identified 
by means of the silver salt of citronellyl phthalic acid which 
melts at 125 to 126°. Its identification by means of the citroncllyl- 
pyrouvic acid ester, the scmicarbazone of which melts at 110 
to 111", can be carried out in the presence of geraniol. For 
the quantitative determination of citronellol in the presence of 
other alcohols, its stability toward concentrated formic acid is 
resorted to. Whereas the other alcohols are destroyed, citronellol, 
under certain conditions, is converted into the formate. For 
further details see the chapter “The examination of volatile oils”. 

') Tiemann and Schmidt, Beri. Berichte 29 (1896), 908. 

«) B«rl. Berichte 41 (1908), 2187. 

•) Erdmann and Huth, |oum. f. prakt Chem. II. M (1897), 41. 

<) Tiemann and Schmidt, Beri. Berichte 30 (1897), 34; 31 (im, 3307. 
However, other semicarbazones with different melting points are known. See 
under citronellal. 
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Of other alcohols, found in volatile oils, that are regarded 
as aliphatic compounds, the following should be mentioned: 

Androl') is the name assigned to an alcohol of like com¬ 
position with citroncllol, which appears to impart to water fennel 
(Phellandrium aquaticum) its characteristic odor. It may be 
recognized by its physical constants (b. p. 197 to 198’; d,,,,. 0,858; 

Oiij,,. 1,44991) and by itsphenylurethanewhich melts 
at 42 to 43 '. Nothing further is known about its constitution. 

Undneol, C,„H„0, is the name given by Baker and Smith®) 
to an alcohol which they found in that portion of cajeput oil 
(Malaleuca uncinata) which boils above 197\ When pure, this 
alcohol consists of snowwhite crystalline needles which melt at 
72,5'; [k] I, -I- 36,99 in alcoholic solution. 

An alcohol with a mse-like odor has also been found in 
fraction 230" of waterfennel oil.®) Its phenylurethane melts be¬ 
tween 87 to 90 ’. In patchouli oil‘) there likewise has been found 
an alcohol with a rosc-like odor. However, nothing further has 
as yet been recorded. 


CYCLIC (AROMATIC) ALCOHOLS. 

Benzyl alcohol. 

C„H,-CH.,OH, 

This alcohol, which is of importance because of its application 
in perfumery, has been found as such in the oils of tuberose, ylang- 
ylang, jasmin, cloves and of cassie flowers (Acacia Farncsiana 
and A. Cavenia). Possibly it is also found in small amounts in 
cherry laurel oil. As acetate it occurs in the oils of ylang-ylang, 
hyacinth, jasmin and gardenia; as benzoate in the oils of tuberose, 
ylang-ylang, Peru balsam and tolu balsam; as cinnamate in storax 
oil and in the two balsams just mentioned; as salicylate in ylang- 
ylang oil; and as phenyl acetic acid ester in neroli oil. 

‘) Report of Schimmel 6 Co. October IWh, 92. 

*) loom, and Proceed. Royal Soc. of M. S,W, +1 (1907), 196, 

") Report of Schimmel 6 Co. October 11104, 92. 

') Report of Schimmel ^ Co. April 1004, 69. 
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It is prepared by heating benzyl chloride with water and 
freshly precipitated lead oxide to 100° or by prolonged heating 
of the chloride with water or potassium carbonate solution. Or 
it can be obtained, as suggested by Cannizzaro,‘) by double de¬ 
composition between benzyl chloride and potassium acetate and 
subsequent saponification of the benzyl acetate. Still another 
method consists in shaking benzaldchyde with alkali, whereby 
one half of the aldehyde is oxidized, the other half reduced. 
In order to remove the last traces of aldehyde the alcohol is 
shaken with an acid sulphite solution before it is distilled. In 
this case the sulphurous acid should be washed out with alkali. 
Otherwise the sulphuric acid, resulting will convert a large part 
of the benzyl alcohol into the benzyl ether.-) 

Benzyl alcohol is a colorless liquid which, when freshly 
prepared, has a faintly aromatic odor. Upon exposure to air it 
oxidizes and assumes an odor of bitter almond oil. B. p. 205”; 
dn 1,05; n,,.,,,. about 1,540. It is soluble in about 35 vols. of 
water, in 8 to 9 vols. of 30 p. e. aleohol and in 1,5 vol. of 50 p. c, 
alcohol. With other solvents it is miscible in all proportions. 
In as much as it can be prepared from benzyl chloride, special 
care should be devoted in its examination to the test for 
chlorides. (For details see the chapter "The examination of 
volatile oils”.) 

Upon oxidation benzaldehyde and benzoic acid result. Charac¬ 
teristic derivatives arc the phcnylurethanc“) melting at 78° and 
acid phthalic acid ester melting at 106 to 107".') The semi- 
carbazone of the pyrouvic acid ester (m. p. 176°)'') may also be 
used for this purpose. 

Phenylethyl alcohol. 

Phenylethyl alcohol, which is used in the preparation of 
artificial volatile oils, has been observed as constituent of the 

■) Liebig's Annalen «« (1855), 246. 

’) Meisenheimer, Berl. Berichte 41 (1908), 1420. 

") Report of Schimmel 8 Co. April 189V, 28, footnote. 

*) Ibidem October 1908, 19. 

*) Masson, Compt rend. 149 (1909), 630. 
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leaf oil of Pinus hakpensk, of oil of rose (especially that 
distilled from dried rose leaves) and of neroli oil. In the oils 
of rose and neroli, the alcohol appears also to be combined as 
ester with benzoic acid and phenylacetic acid. 

Artificially it can be prepared from phenyl acetaldehyde by 
reduction with sodium amalgam;*) likewise from phenylacetic 
acid esters by reduction with sodium and absolute alcohol, a 
method patented by Bouveault and Blanc.*) In connection with 
a preparation, made in the laboratory of Schimmel ^ Co. 
according to the latter method and purified by means of the 
calcium chloride compound, the following constants were 
observed; 

B. p. 220 to 222° (740 mm.), abt. 104" (12 mm.), 93” (6 mm.); 
d,j. 1,0242; n,„„, 1,53212. 

According to observations thus far made the latter two con¬ 
stants for technical products fall within the following limits: 

d| 5 . 1,023 to 1,024; n,,,,,. 1,532 to 1,533. 

Phcnylethyl alcohol is a colorless liquid that is optically in¬ 
active and possesses a very mild and faint odor. As a result 
of its partial oxidation to phenyl acetaldehyde it becomes honey¬ 
like in consistency in the course of time. It is readily soluble 
in all of the common organic solvents. It is soluble in 2 vols. 
of 50 p. c. alcohol and in 18 vols. of 30 p. c. alcohol. Even in 
water it is soluble in the ratio of 1:60. Because of this 
appreciable solubility in water, rose oil contains only a small 
fraction of the phcnylethyl alcohol found in the leaves. The 
larger part of the alcohol remains in the aqueous distillate 
from which it cannot be separated by cohobation because of 
its great dilution. 

With anhydrous calcium chloride phenylethyl alcohol forms 
a solid compound which can be used for its purification. Oxi¬ 
dation with chromic acid mixture yields phenyl acetaldehyde and 
phenylacetic acid, at times also its phenylacetic acid ester which 

*) Radziszewski, Berl. Berichte 9 (1876), 372. 

•) C.I.P. 164 294. Comp, also Compt. rend. 136 (1903), 1676 and 187 
(1903), 60. 
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melts at 28". For the identification of phenylethyl alcohol its 
phenylurethane (m. p. 80"), its diphenylurethane (m. p. 99 to 100") 
and acid phthalic acid ester (m. p. 188 to 189 ) are used. 

Pheny/propyl alcohol. 

C„H,,CH,CH,.CH,OH. 

As cinnamic acid ester, normal phenylpropyl alcohol has been 
found in .several resins and balsams, e. g. in Sumatra benzoes, 
in Oriental and American styrax and in the Honduras balsam 
Lvhich is frequently misnamed white Peru balsam. Probable is 
likewise its occurrence as cinnamate in xanthorrhcea resin and 
as acetate in cassia oil. 

The phenylpropyl alcohol isolated from the above named 
resins is always accompanied by cinnamic alcohol from which 
it cannot be separated completely by fractionation. According 
to the method patented by Schimmel S Co.) it can be obtained 
in a pure state by heating the mixture of alcohols with an equal 
part of concentrated formic acid. The cinnamic alcohol is thus 
resinified whereas the phenylpropyl alcohol is converted into 
the formate. The ester can be distilled with steam and then 
.saponified. 

Synthetically phenylpropyl alcohol can be obtained by 
the reduction of cinnamic alcohol with sodium amalgam in 
the presence of much water;') or, according to the method 
of Bouvcault and Blanc,) by the reduction of cinnamic acid 
ester or the bcnzylacetic acid ester with sodium and absolute 
alcohol. 

Phenylpropyl alcohol is a colorlc.ss, thick liquid pos,sessing 
a faint peculiar odor resembling somewhat that of cinnamic alcohol 
and reminding of certain species of hyacinth. In ordinary solvents 
it is readily soluble. It is soluble in all proportions in 70 p. c. 
alcohol, in 1,5 vols of 60p. c. alcohol and in about 3 vols. of 
50 p. c. alcohol. In water it is not soluble in the ratio of 1:300. 


■) G.I.R 116091. Comp. Chem. Zentralbl. 1901, 1. 69. 

■') Rfigheimer, Liebig’s Annalen 1?2 (1874), 123. Comp, also Hatton and 
Hodgkin,son, Chem. hews 48 (1881), 1930; Chem. Zentralbl. 1881, 407. 

”) C. 1. P. ho. 164294. 



Alcohols. 373 

In the above mentioned patent, Schimmel ^ Co, record the fol¬ 
lowing constants: 

B. p. 235", resp. 119" (12 mm.); d„,. 1,007. 

When oxidized with chromic acid in glacial acetic acid, it 
yields hydrocinnamic acid (m. p. 49"). It can be more readily 
identified by its phenylurethanc*) melting at 47 to 48'. 


Cinnamic aicohol. 

C„H,CH:CHCti,OH. 

Cinnamic alcohol, formerly also designated styrone, is found 
in volatile oils, not as such, but as ester. As acetate it occurs 
in cassia oil; as cinnamate (styracin) in .storax, also in the oils 
of hyacinth (?), xanthorrhosa re.sin, Peru balsam and Honduras 
balsam. 

It is commonly obtained by saponification of the styracin 
in storax. Synthetically it can be obtained by reduction of 
cinnamic aldehyde diacetate and subsequent saponification of 
the resulting cinnamyl acetate.-) 

Cinnamic alcohol occurs in long, fine white needles which 
possess a hyacinth-like odor. At 33 they melt to a colorless, 
strongly refractive liquid, which boils at 257,5" (758 mm.), respecti¬ 
vely at 117" (5 mm.) At its specific gravity lies between 1,01 
and 1,03. In water it is sparingly soluble (about 1:250), also in 
petroleum ether. In the other solvents it is readily soluble. 
Of 30 p. c. alcohol about 50 to 60 vols., of 50 p, c. alcohol 4 to 
5 vols, and of 60 p. c. alcohol about 2 vols. are needed to effect 
solution. 

With platinum black, cinnamic alcohol is oxidized to cinnamic 
aldehyde, upon more violent oxidation to cinnamic acid (m. p. 133") 
and finally to benzaldehyde and benzoic acid. Upon reduction with 
sodium amalgam in the presence of much water it can be con¬ 
verted into phcnylpropyl alcohol. 


') Walbaiim, Bert. Berichte Si (1900), 2300, footnote. 
Barbier and Leser, Bull. Soc, chim. lU. Sli (1905), 858. 
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Characteristic derivatives arc the phenylurethanc melting 
at 90 to 91,5' and the diphenylurethane melting at 97 to OS'.*) 
The latter is to be preferred to the phenylurethanc since it has 
the more sharply marked melting point. 


ALICYCLIC (HYDROAROMATIC) ALCOHOLS. 

Dihydrocuminic alcohol. 

This alcohol, the constitution of which has not yet been 
definitely determined, was recently found in the laboratory of 
Schimnicl £i Co.,-) to occur free and as ester, also in both optical 
modifications in gingergrass oil. 

This alcohol is a colorless, rather viscid oil of a peculiar 
odor reminding of linalool and tcrpincol. From geraniol, its 
companion in gingergrass oil, it can be separated only with 
difficulty. Its i.solation can best be effected by heating the 
mixture of alcohols with 2 parts of 90 p. c. formic acid on a 
waterbath to a temperature of 80 ,") whereby only the geraniol 
is destroyed. For two preparations thus purified, Walbaum and 
Hiithig*) record the following constants: 

B. p. 226 to 227 ■ (767 mm.), 92 to 93,5" (5 mm.); d„.0,9510; 

13’I8'; n„.„,. 1,49629. 

li. p. 228 to 229' (755 mm.), 94 to 96" (4 to 5 mm.); d„,.0,9536; 
«„ + 12'5'; Oimi 1,49761. 

When oxidized with Beckmann’s chromic acid mixture, di¬ 
hydrocuminic aldehyde, C„|FI, 40 , results, thus proving that the 
alcohol in question, C,„H„0, is a dihydrocuminic alcohol. Since 
no crystalline derivative of the alcohol has yet been obtained, 
it is identified by its oxidation to the aldehyde, the semi- 
carbazonc of which melts at 198 to 198,5'. 

*) Report of Schimmel Si Co. April 1910, I7X 

'9 Report of Schimmel ft Co. April 1901,57; October 1901,44; Walbaum 
and Huthi)!, |oum. f. prakt. Chem. II. 71 (1905), 464. 

') Stronger formic acid and higher temperatures are to be avoided since 
the alcohol is thereby dehydrated to cymene. Even when the precautions 
stated are taken this change will take place to a slight extent 

*) Loc. cit. 466. 
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a-Terpineol. 



H.,Cn /CH, 
CH 


COH 

/\ 

H,C CH, 

By the action of dilute sulphuric acid on terpin hydrate 
(see p. 384) the liquid terpineol of commerce results. This, 
however, is not a chemical unit, but a mixture of isomeric 
compound.s C,„HnO, among which the «-terpineol, m. p. 35', 
predominates. The presence of (Werpineol, m. p. 32"') and the 
liquid terpineol-1'-) has likewise been established. 

In nature there apparently occurs only the «-terpineol, cither 
optically active or inactive, the constitution of which has been 
established by the researches of Wallach,") Wagner,*) Semmler 
and Tiemann.') Although liquid tcrpincols have been isolated, 
it seems highly probable that they can be otained in the solid 
condition. 

Solid d-«-terpineol has been observed in the oils of Malabar 
cardamom, sweet oranges, petit-grain, neroli, in Cayenne- and 
the lasvogyrate Mexican lignaloc oils, also in oil from lovage-root. 
In Malabar cardamom oil it occurs probably for the most part 
as acetate. As ester only, namely as acetate and valerianate (?), 

') Stephan and Belle, Bert. Berichte !Ki (1902), 2U7. 

■) Wallach, Liebig’s Annalen Si# (1907), 218-, S82 (1908), 269. 

’) Liebig’s Annalen 875 (1893), 103, 150; 877 (1893), 110; 891 (1896), 342; 
Berl. Berichte 88 (1895), 1773, 

') Berl. Berichte 87 (1894), 1652, 2273. 

*) Semmler, Berl. Berichte 38 (1895), 2189; Tiemann and Semmler, ibidem 
88 (1895), 1778; Tiemann and Schmidt, ibidem 1781; Tiemann, ibidem 89 
(1896), 2616. 
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it occurs in cypress oil. In liquid form it has been isolated from 
marjoran oil. 

Solid /-((-tcrpincol has been found in the wood turpentine oil 
from Pinus palusiris, in camphor oil, in the oil from the leaves 
of Lauras Camphora, in the dextrogyrate Mexican lignaloe oil, in 
limette oil and niaouli oil, in the last mentioned also as valerianate. 
As a liquid it has been isolated from Canada snakeroot oil, the 
bark oil from Ocotea usambarensis and both free and as ester 
in European wormseed oil. 

Solid /-terpineol has been isolated from cajeput oil in which 
it also occurs as acetate. As a liquid it has been obtained 
from the oils of nutmeg and boldo leaves. 

Without reference as to angle of rotation, the presence of 
tcrpincol has been recorded for the following oils: kuromoji oil, 
lemon oil. oil of Melaleuca uncinata (?), gardenia oil, valerian 
oil (?), kesso root oil and crigeron oil. Probably the acetate al.so 
occurs in the German oil of Pinus sylvestris. 

According to the statement of IJouchardat and Voiry,‘) solid 
inactive tcrpincol m. p. 30 to 32 is formed by the action of very 
dilute sulphuric acid on terpin. However, it has not yet been 
definitely settled whether this is «- or ,f-tcrpincol. The solid, 
optically active modifications of K-terpineol can be obtained either, 
according to the method of Semmler,'-') by boiling the d- or 
/-limonene monobromhydrate with the oxides of silver or lead; or, 
according to Wallach") by shaking limonene monochlorhydratc 
with dilute potassium hydroxide solution, or by shaking homono- 
pinol with dilute sulphuric acid.*) The simplest method is to 
prepare them as acetates by the simultaneous action of glacial 
acetic acid (comp, under camphene, p. 305) and sulphuric acid 
on limonene, or by the action of glacial acetic acid and zinc 
chloride on pinene.**) Note-worthy is also the formation of optically 
active solid tcrpineols from linalool by the action of acetic acid 

■) Compt. rend. IW (1887), 996. 

-■) Berl. Berichte 2S (1895), 2189, 

>) Liebig's Annalen 350 (1906), 154. 

*) Liebig’s Annalen 300 (1908), 98. 

') Crtschikowshy, fourn. mss. phys chem. Ges. 28 (1896), 152. According 
to Buli. Soc. chim. 111. 10 (1896), 1584. 
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anhydride or formic acid,‘) also of solid inactive terpineol from 
geraniol and formic acid.^ 

The solid inactive «-terpineol possesses the elder-blossom¬ 
like odor of the liquid to a slight degree only. It is very 
readily soluble in organic solvents and possesses the following 
properties; 

M. p. 35"*); b. p. 217 to 218” (760 mm.), 104 to 105” (10mm.); 
d,,. 0,935 to 0,940; n,«„. 1,48084.*) 

The following constants were observed in the laboratory of 
Schimmel 8| Co.: 

M, p. 35°; b, p. 85° (3 mm.); d,,., (supercooled) 0,9386; 
n„,,. 1,48268. 

In connection with a strongly active u-terpineol, obtained 
by shaking homonopinol with dilute sulphuric acid, Wallach*) 
observed the following constants: 

M. p. 37 to 38”; b. p. 218 to 219”; [«]„ -106° in 16,34 p. c. 
ethereal solution. 

The optical activity is variable. The highest deviation ob¬ 
served in connection with a natural terpineol is [n],,-1-95° 9' 
for the rf-terpineol from oil of orange,") and [«]„ — 27''20' 
for the /-terpineol from lignaloc oil.’) The highest deviation has 
been revealed by an artificially prepared /-terpineol, namely 
[«]„-117,5”.") 

In connection with the commercial liquid products of their 
own manufacture, which consist only in part of «-terpineol and 
contain some |/-terpineol and terpinenol-l, Schimmel S Co. observed 
the following constants: 

B. p, 217 to 219”; d,..0,935 to 0,940; «„ T0"; n,„„. 1,481 to 
1,484; soluble in about 9vols. 50 p. c. alcohol, in 3 to 5 vols. of 

') Stephan, |oum. f, prakt. Chem. II. &H (1898), 109. 

*) Stephan, ibidem M (1899), 244. 

■') Wallach, Liebig’s Annalen 475 (1893), 104. 

*) Stephan, )oum. f. prakt. Chem. II. 58 (1898), 110; 00 (1899), 244. 

‘) Liebig's Annalen tWO (1908), 89. 

") Stephan, |oum. f. prakt Chem. II. 63 (1900), 530. 

’) Keport of Schimmel S Co. October 1905, 48. 

") Ertschikowsky, fourn. russ. phys. chem. Ges. 48 (1896), 132. According 
to Bull. Soc. chim. III. 18 (1896), 1584. 
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60 p. c. alcohol, and in abt. 2 vols. of 70 p. c. alcohol. With 
petroleum ether it should be miscible in all proportions, /', e. it 
should be free from water. 

As to their chemical properties the inactive and both 
active modifications of «-terpineol behave alike. The derivatives, 
however, differ in part: 

Inactive modifications Active modifications 

Melting point. 35' 37 to 38" 

Nitrosoehloride.112 to 113° 107 „ 108" 

Mitrolpiperidide.159 „ 160" 151 „ 152“ 

Mcthoethyl heptanonolid 64 46 „ 47" 

(i-Tcrpineol is a tertiary, unsaturated alcohol which yields 
addition products with bromine, nitrous acid anhydride, nitrogen- 
tetroxyde and nitrosylchloride. The nitrosoehloride and the nitro- 
laminc bases derived therefrom are especially adapted for the 
characterization of the <t-tcrpincol (sec p. 380). 

The liquid dibromide yields a tribromidc when treated with 
hydrogen bromide in glacial acetic acid solution. Further treat¬ 
ment with bromine converts it into dipcntenc tetrabromide mel¬ 
ting at 124'. 

With hydrohalogen acids the corresponding dipentene di- 
halogcn hydrides result. The dihydriodide (m, p. 77 to 

78"), obtained by shaking the alcohol with concentrated hydriodic 
acid, can be utilized for the identification of tcrpineol.') Toward 
mineral acids and also toward some organic acids, terpineol is 
rather unstable. Whereas shaking with dilute sulphuric acid 
hydrates it to terpinhydrate,-) boiling therewith causes it to be 
dehydrated with the formation of terpinene together with a little 
dipentene and cineol. Potassium acid sulphate has a similar 
effect producing principally dipentene; also phosphoric acid 
producing principally terpinolene with small amounts of terpinene 
and cineol; also oxalic acid which likewise produces terpinolene.^ 
Acetic acid anhydride also dehydrates terpineol, especially when 
heated, producing dipentene. Hence it is not possible to esterify 

') Wallach, Liebig's Annalen SSU (1885), 265. 

’) Tiemann and Schmidt, Beri. Berichte 38 (1895), 1781. 

') Wallach, Liebig's Annalen 275 (1893), 104; Baeyer, Beri. Berichte 27 
(1894), 447. 
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terpineol quantitatively with this agent without exercising special 
precautions.*) For further details concerning terpinylacetate see 
the chapter on esters. 

When oxidized with dilute permanganate solution, terpineol 
is first converted into the polyatomic alcohol 1,2,8-tri- 

hydroxymenthane (m, p. of the inactive modification 122°). Chromic 
acid mixture oxidizes this to a ketolactone C|„Hj„Oa (m. p. of the 
active modification 46 to 47°, of the inactive 64 ). The study 
of this compound has contributed much toward the establishment 
of the constitution of terpineol as expressed by the formula 
d‘-terpenc-8-ol. More violent oxidation of the terpineol and of 
the ketolactone with chromic acid mixture or nitric acid yields 
terpenyl and terebinic acids.*) 

Of special interest is the conversion of terpineol, through the 
tribromidc and the nitrosochloride, into derivatives of carvone.*) 
The hydroxy group of terpineol reacts with phenyl/isocyanate 
when both compounds are mixed and set aside at room tempe¬ 
rature for a time. Sometimes crystals of diphenylurca separate 
at first, from which the liquid mixture is separated with the aid 
of cold anhydrous ether or, better still, with low boiling petroleum 
ether. After careful evaporation of the solvent, the urethane 
separates in fine needles. Rccrystallized from alcohol, the in¬ 
active compound melts at 113°.*) The urethane obtained from 
optically active terpineol is likewise inactive. The «-naphthyl- 
urethane,") melting at 147 to 148° can also be utilized for the 
identification of «-tcrpineol. Especially suited to this purpose is 
the nitrosochloride. 

According to Wallach*) the preparation of the nitrosochloride 
is accomplished in the following manner: To a solution of 15 g. 
terpineol in 15ccm. glacial acetic acid and II ccm. ethyinitrite, 

’) Ginsberg, lourn- russ. phys. chem. Ges. S9 (1897), 249. According to 
(3iem. Zentralbl. IW, II. 417; Report of Scbimmel h Co. October IW, 63. 
Compare also the chapter "Examination of volatile oils" under acetyUtion. 

«) Wallach, Liebig’s Annalen 2S7 (1893), 117, 120; (1896), 345; Bert. 

Berichte 2b (1895), 1775; Tiemann and Mahia, Berl. Berichte ‘3 (1896), 928; 
Tiemann, ibidem 2616. 

”) Wallach, Liebig’s Annalen 2bl (1894), 140; 291 (1896), 346. 

*) Wallach, Liebig’s Annalen 27!> (1893), 104. 

*) Report of Scbimmel SCo. October 190#, 41. 

•) Liebig's Annalen 277 (1893), 120 ; 880 (1908), 90. 
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well cooled in a freezing mixture and while well shaken, 6 ccm. 
of hydrochloric acid dissolved in an equal volume of glacial 
acetic acid, are added drop by drop. At the close of the reaction 
the nitrosochloride is precipitated with ice water in the form of 
an oil which, however, soon crystallizes. The solid compound 
is purified by recrystallization from hot acetic ether or methyl 
alcohol and melts at 112 to 113°. The active modification melts 
at 107 to 108°. 

With piperidine in alcoholic solution, the nitrosochloride 
yields the nitrolpiperidine base C|„H,;(OH)NONC 5 H,||, which 
is difficultly soluble in ether, crystallizes from methyl alcohol 
in needles that melt at 159 to 160°. These data by Wallach 
refer to the derivative obtained from an optically inactive 
terpincol. The nitrol piperidide obtained from an optically 
active material melts several degrees lower, namely at 151 
to 152'.‘) 

With aniline a terpineol nitrolanilide, m. p. 155 to 156°, is 
obtained. 


it-Terpineol. 

CH„ 

COH 

H,C' "CH., 

H,C , /CH. 

CH 

C 

\ 

H»C CH., 

As already mentioned under u-terpineol, jl-terpineol results 
together with <i-terpineol when terpin hydrate is acted upon by 
dilute acids. Thus far ,f-terpineol has not been found in volatile 

') Report of Schimmel 6 Co. October ISS!, 11; Wallach, Uebig's Annalen 
•m (1908), 90. 
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oils. Schimmel § Co.‘) have isolated the inactive modification from 
fraction 212 to 215° of commercial terpineol by freezing. It crys¬ 
tallizes in needles that melt at 32 to 33°; b. p. 209 to 210° 
(752 mm.); d„.0,923 (in the supercooled condition); n„j„. 1,47470. 

Of its derivatives the following may here be mentioned: the 
nitrosochloride (m. p. 103°),“) the nitrolpiperidine base (m.p. 108°), 
the nitrolaniline base (m. p. 110") and the phenylurethane (m. p. 85°). 
When oxidized with permanganate, i-(-terpineol yields trihydroxy- 
terpane melting at 118°. 


7-Terpineol 

CH, 

COH 

H,C'^ '"'CH, 

flC., /CH, 

\/ 

C 

c 

H.C CH, 

;'-Tcrpineol has not yet been found in nature, v. Baeyer") 
obtained it by reducing tribrom-l,4,8-tcrpanc, which in time he 
had obtained by brominating dipentene dihydrobromide. 

It also results when terpin is heated with oxalic acid or 
phosphoric acid.*) 

Recrystallized from ether, ;'-terpineol forms thick prisms 
melting at 69 to 70°, which possess the agreable odor of elder- 
blossoms. In order to identify ;'-terpineol, it can be converted 
into the acetate, the blue nitrosochloride of which melts at 82". 

') Report of Schimmel 6 Co. April IftOl, 79; Stephan and Helle, fieri. 
Berichte (1902), 2U7. 

“) Wallach, Liebia's Annalen ai5 (1903), 128; Comp, also Wallach, Terpene 
u. Campher, p, 333. 

”) fieri. Berichte 27 (1894), 443. 

‘) Ibidem 715. 
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TerpinenoUl. 

CH„ 

COH 


H,C' 

H,Cs 


,CH, 

'CH 




-CH, 


This alcohol also has not yet been found in volatile oils. Of 
interest is its occurrence in the first fraction of commercial liquid 
tcrpineol.) Synthetically it was prepared by Wallach “>from d“-/so- 

With hydrohalogens the alcohol is converted into terpinene 
denvative.s. Oxidation with dilute permanganate solution converts 
It into l,J,4-trihydroxyterpane, m. p. 120 to 121 . Further oxi¬ 
dation converts it into r(,n'-dihydroxymethyl /sopropyladipinic 
acid m. p. 189 . When heated with acids the trihydroxyterpane 
yields a mixture of /j-cymene and .d'-menthenone, the semi- 
carbazone of which melts at 224 to 225". These compounds 
can be utilized for the identification of terpinenol-1. 


Terpinenol-4. 

CH, 

C 

H,C|/ '^CH 
H,Cv /CH, 

\/ 

COH 

H.C-CH-CH, 

This alcohol which in its general characteristics closely re- 
semble s «-terpineol. is derived from terpinene. It has been dis- 

*) Wallach, Liebig's Annalen S5« (1907), 218. 

“) Ibidem 862 (1908), 280. 
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covered only recently. In nature it has been found in the oils 
of juniper, Ceylon cardamoms, nutmeg, marjoram and European 
wormseed. Synthetically, the active modification has been obtained 
by shaking sabinene, sabinene hydrate and thujene with dilute sul¬ 
phuric acid,‘) the inactive modification by shaking terpinene di¬ 
hydrochloride with dilute potassium hydroxide solution. (Comp, 
also p. 320.) 

The properties of the active modification have been recorded 
as follows: 

B. p. 209 to 212”; d,„.0,9265; «„-f25”4'; n„„.l,4785.*^ 

Those of the inactive modification are: 

B. p. 212 to 214”; d0,9290; n„l,4803.») 

This alcohol is known only in the liquid condition. Its odor 
is less pleasant than that of tcrpineol. When acted upon in 
glacial acetic acid solution with hydrohalogen the corresponding 
terpinene dihydrohalidcs result. When shaken with dilute sul¬ 
phuric acid terpinene terpin, m. p. 137”, results. In as much as 
this hydration is much slower than that of terpineol to terpin 
hydrate, this serves as a means for the separation of the two 
alcohols. 

Upon oxidation with dilute permanganate solution, J'-ter- 
pincnol-4 yields in the main 1,2,4-trihydroxyterpane, C,jH, 5 (OH),. 
With its water of crystallization it melts at 116 to 117°, freed 
therefrom at 128 to 129”; [«]„ abt 21,5". When distilled with 
hydrochloric acid, this compound yields carvenone (m. p. of the 
semicarbazone 200 to 201”), with little cymene.. Upon further 
oxidation with alkaline permanganate solution a mixture of 
active and inactive tt,a'-dihydroxy-B-methyl-«'-/sopropyl-adi- 
pinic acid, results. It melts at 205 to 206°, respech'- 

vely at 188 to 189°. Distilled with steam they readily pass 
over in the form of the volatile dilactones which melt at 63 
to 64° and 72 to 73° respectively. By more energetic oxidation 
the dihydroxy acid yields lu-dimethyl acetonyl acetone as “Ab- 

‘) Wallach, Liebig's Annalen 366 (1907), 215; 380 (1908), 94, 97 ; 862 
(1908), 279; Beri. Berichte 40 (1907), 594. 

■) Wallacli, Liebig's Annalen 856 (1907), 215. 

•) Ibidem 860 (1906), 155. 
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bau” product. The melting point of its dioximc is 137°, that 
of its semicarbazone 20f to 202'’, 

Terpinhydrate. 

CH, 

COH 

HX;' CH. 

+ H.,0 

H.,C, CH., 

CH 

COH 
H,,C CH, 

From the theoretical and historical points of view, terpin- 
hydratc is an important compound. But technically also it is 
of importance as the material from which tcrpincol is made. 
(Comp. p. 375.) It is readily formed from turpentine oil by 
letting this stand with water containing an acid. It is charac¬ 
terized by a remarkable capaeity for crystallization, hence it was 
observed relatively early. According to older statements, terpin¬ 
hydrate is said to occur in the oils of cardamom and basilicum. 
However, these statements have not been substantiated by recent 
observations. This much appears certain that the terpinhydrate 
was not present in the original oil but must have been formed 
upon prolonged standing. 

Terpinhydrate melts at 116 to 117°. When heated, it looses 
a molecule of water with the formation of anhydrous terpin which 
melts at 104 to 105” and boils at 258" (corr.).') 

Terpin exists in two stereoisomeric modifications, namely 
a c/s- and a //-a/zs-form. The c/s-terpin only, however, is capable 
of yielding a hydrate.*) 

') Wallach, Liebig's Annalen 2!iD (1885), 248. 

’) Baeyer, Berl. Berichte 26 (1843), 2865. 
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Dihydrocarveol. 

CH, 

i 

CH 

/"■' 

NCHOH 

■ I 

HX; JCH, 

CH 

i 

C 

H,,C CH, 

Dihydrocarveol, C,„HjXi has only recently been found in 
caraway oil.') Artificially prepared it has been known for a 
longer period. Thus it has been prepared from carvonc by re¬ 
duction with sodium and alcohol; also by the reduction of carv- 
oxime to carvylamine which, upon treatment with nitrous acid, 
yields dihydrocarveol. 

Dihydrocarveol is a liquid which possesses the following 
properties; 

B. p. 224”; d,,. 0,935; n„ 1,48506 (for dihydrocarveol from 
dlhydrocarvylaminc).') 

B. p. 112° (14 mm.), 224 to 225° (under ord. pressure); 
djii-0,927; n,, 1,48168 (for dihydrocarveol from carvone).*) 

In the laboratory of Schimmel Q Co. the following constants 
were observed in connection with a dihydrocarveol isolated from 
caraway oil: 

B. p. 100 to 102° (7 to 8 mm.); d,„. 0,9368; «„-6°14'; 
n„„, 1,48364.*) 

Dihydrocarveol deviates the ray of polarized light in the 
same direction as does the carvone used for its preparation. 


*) Report of Schimmel 6 Co. April IKKi, 20. 

■') Wallach, Berl. Berichte 24 (1891), 3990. 

*) Wallach, Liebie's Annalen Sli (1893), Ilf. 

*) Report of Schimmel & Co. April UNO, 20. 
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When oxidized with chromic acid in glacial acetic acid,*) 
dihydrocarvone results (b.p. 221 to 222"; d,„. 0,928; n„ 1,47174). 
The dihydrocarvone from rf-dihydrocarvcol is laivogyrate, that 
from /-dihydrocarveol is dextrogyrate. The corresponding active di- 
hydrocarvoxime melts at 88 to 89", the inactive modification at 115 
to 116 . This oxidation can be utilized for the identification of di- 
hydrocarvcol. For this purpose the phenylurethane is also service¬ 
able. The active modifications melt at 87", the inactive one at 93”.*) 

hopulei^ol. 

CH„ 

CH 


HX CH, 

H.X CHOH 


CH 

C 

H.,C CH„ 

/sopulcgol, C|||H,^0, has not yet been found in volatile oils. 
It results from citronellal when this is treated with acids. The 
observation made by Schimmel Sj Co.*) viz., when the oil of 
Barosma piilchellum is distilled the odor of /sopulegol is notice¬ 
able, is possibly referrable to this circumstance. 

/sopulegol boils at 91" (13 mm.); d,..,0,9154; ((„-2”40'; 
n„ 1,47292,'') 

The acetate boils at 104 to 105° (10 mm.).") 

For purposes of identification, the alcohol is oxidized to 
pulegone") and this characterized by means of its oxime (m. p. 

') Wallach, Liebig’s Annalen Sto (1893), 115. 

*) Wallach, ibidem 112. 

“) Report of Schimmel S Co. April l!i«», 96. 

') Tiemann and Schmidt, Berl. Berichle S» (1896), 914, 

*) Barbier and liser, Compt. rend. 144 (1897), 1309. 

“) Wallach, Liebig’s Annalen 3«» (1909), 251. 
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of the active modification abt. \2V, of the inactive abt. 140"), 
or its semicarbazone (m. p. of the active modifications 172 
to 173", of the inactive 182 to 183’). 


Menthol. 

CH, 

CH 


H.,C 

CH., 

H.,C 

CHOH 


CH 


CH 

H,,C 

CH, 


Menthol (peppermint camphor), C||,Hj|,0, is found in the 
peppermint oils of which the tevogyrate menthol constitutes the 
principal constituent. The oil of Hyptis suaveolens also consists 
in large part of menthol, but the direction of its optical rotation 
has not yet been ascertained. Menthol separates from pepper¬ 
mint oil upon cooling. If the menthol content be large the sepa¬ 
ration takes place even at ordinary temperature. In peppermint 
oil, menthol is likewise contained as acetate and /sovalerate, 
also as ester of an acid Artificially menthol is obtained 

from menthone and pulegone.’) In the presence of an excess 
of hydrogen, menthone yields menthol only; if, however, solvents 
arc used which themselves do not generate hydrogen with the 
sodium, menthopinacone is also formed. Both /- and cf-menthone 
yield according to both methods, also with change of temperature, 
a strongly laevogyrate mixture from which /-menthol (m. p. 43,5") 
also a slightly dextrogyrate /somcnthol (m. p. 78 to 81"; [«]u -1-2") 
can be isolated.-) 


') Beckmann and Pleissner, Liebig’s Annaien S«2 (1891), 30, 32. 
’) Beckmann, |ourn. f. prakt. Chem. 11. 55 (1897), 19, 30. 


25* 
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Menthol crystallizes in colorless needles or prisms which 
belong to the hexagonal system. It is characterized by its strong, 
peppermint-like odor and cooling taste. 

Of physical constants the following arc recorded; 

M. p. 42b. p. 211,5'’ (736 mm.).‘) 

M. p. 42,3 ; b. p. 212,5 (corr. 742 mm.); d“’ 0,890 for solid 
and d"," 0,8810 for liquified menthol; 49,86' likewise 

for molten menthol. ') 

U. p. 215,5 (758 mm.); ((i,,,, —43 45' for menthol in super¬ 
cooled condition.’') 

M. p. 43; —49,35 (in 20 p. c. alcoholic solution), 

— 50,59 (in 10 p. c. alcoholic solution);') n,,,,. 1,4479.") 

According to recent observations, the melting point of per¬ 
fectly pure menthol lies between 43,5 and 44,5 . 

Menthol is a saturated secondary alcohol. When dehydrated 
with potassium acid sulphate, zinc chloride, ^c., it is converted 
mainly into the hydrocarbon 0,1,14^, .1"-/>mcnthene. The com¬ 
pounds obtained by replacing the hydroxy group by halogen 
arc liquid and little characteristic. With hydrogen iodide and 
phosphorus it is reduced to hcxahydrocymcne, C|„H,|,.") With 
chromic acid mixture it is oxidized to the corresponding ketone 
C,||H|,0, menthone.') With potassium permanganale the same 
oxidation products result that arc obtained from the oxidation 
of menthone, viz., kctomenthylic acid and ,V-methyladipic acid 
melting at 88 to 89’. As a result of these oxidation experiments 
the above-mentioned formula has been assigned to menthol. This 
formula has been strengthened by the conversion of menthone 
into 3-chlorcymcnc effected by )unger and Klagcs.') That menthol 

') Arth, Annal. de Chim. et Phys. VI. ! (1886), 438. 

■-) Long, Chem. Zentralbl. ISW, 11. 525. 

*) Power and Kleber, Pharm. Rundschau (New York) 12 (1894), 162; 
Arch, der Pharm. 282 (1894), 647, 653. 

') heckmann, Liebig's Annalen 2>V) (1889), 327; |oum. f. prakt. Chem. 11. 
.Vi (1897), 15. 

”) Bruhl, Berl. Berichte 21 (1888), 457, table, 

“) Berkenheim, Berl. Berichte 25 (1892), 688. 

T Beckmann, Liebig’s Annalen 250 (1889), 325. 

') Berl. Berichte 20 (1896), 314. 
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could be converted into cymene by heating it with anhydrous 
copper sulphate to 250 to 280 had previously been demonstrated 
by Briihl.') 

Of menthol esters a considerable number has been prepared. 
The above mentioned acetate, also the /sovalcrate are described 
in the chapter on “Esters”. For other esters special reference 
should be had to the paper by Tsehugaeff'•) who has given special 
attention to their optical rotation. 

According to Monteil,“) chloral yields two liquid compounds 
with menthol, viz., chloralmonomenthol and chloraldimenthol. 
They re.sult upon melting together the calculated amounts of 
the components. 

Owing to the peculiar physical properties of menthol, its 
identificaton ought to afford but few difficulties. If necessary 
its phenylurethane obtained by the action of phcnyl/socyanate 
on menthol may be utilized. This derivative, which was first 
prepared by Leuckart, melts at 111 to 112 and turns the plane 
of polarized light in the same direction as does menthol. It 
can be decomposed by sodium ethylate, but the menthol is 
thereby inactivated.') 

Other derivatives by means of which menthol can readily 
be characterized, are menthylbenzoate, re.sulting upon heating 
menthol with benzoic acid anhydride, which is difficultly volatile 
with water vapor and which melts at 54,5 ;'■) the dimenthyl ester 
of oxalic acid, melting at 67 to 68 the dimethyl ester of succinic 
acid, melting at 62 ; the monomenthyl ester of phthalic acid, 
melting at 110 and the dimenthyl ester of the same acid 
melting at 133 ’. 

A mixture of menthol and menthonc can be separated by 
converting the latter into its oxime and shaking out the oxime 
from the ethereal solution by means of dilute sulphuric acid.") 

■) Bert. Bcrichte 24 (1891), 3374. 

•’) Bert. Bcrichte 81 (1898), 364. 

^ (’Union Pharm. Acc. to Zeitschr. d. allg. osterr. Apoth. Ver. 46 
(1908), 272. 

') Becitmann, )oum. f. pralrt. Chein. 11. •» (1897), 29. 

') Beckmann, Licbig’.s Annaien 262 (1891), 31; )ourn. (. prakt. Chem. II. 
*> (1897), 16. 

“) Beckmann, |ourn. f. prakt. Chem. II. •w (1897), 17. 
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Menthol crystallizes in colorless needles or prisms which 
belong to the hexagonal system. It is characterized by its strong, 
peppermint-like odor and cooling taste. 

Of physical constants the following arc recorded; 

M. p. 42b. p. 211,5'’ (736 mm.).‘) 

M. p. 42,3 ; b. p. 212,5 (corr. 742 mm.); d“’ 0,890 for solid 
and d"," 0,8810 for liquified menthol; 49,86' likewise 

for molten menthol. ') 

U. p. 215,5 (758 mm.); ((i,,,, —43 45' for menthol in super¬ 
cooled condition.’') 

M. p. 43; —49,35 (in 20 p. c. alcoholic solution), 

— 50,59 (in 10 p. c. alcoholic solution);') n,,,,. 1,4479.") 

According to recent observations, the melting point of per¬ 
fectly pure menthol lies between 43,5 and 44,5 . 

Menthol is a saturated secondary alcohol. When dehydrated 
with potassium acid sulphate, zinc chloride, ^c., it is converted 
mainly into the hydrocarbon 0,1,14^, .1"-/>mcnthene. The com¬ 
pounds obtained by replacing the hydroxy group by halogen 
arc liquid and little characteristic. With hydrogen iodide and 
phosphorus it is reduced to hcxahydrocymcne, C|„H,|,.") With 
chromic acid mixture it is oxidized to the corresponding ketone 
C,||H|,0, menthone.') With potassium permanganale the same 
oxidation products result that arc obtained from the oxidation 
of menthone, viz., kctomenthylic acid and ,V-methyladipic acid 
melting at 88 to 89’. As a result of these oxidation experiments 
the above-mentioned formula has been assigned to menthol. This 
formula has been strengthened by the conversion of menthone 
into 3-chlorcymcnc effected by )unger and Klagcs.') That menthol 

') Arth, Annal. de Chim. et Phys. VI. ! (1886), 438. 

■-) Long, Chem. Zentralbl. ISW, 11. 525. 

*) Power and Kleber, Pharm. Rundschau (New York) 12 (1894), 162; 
Arch, der Pharm. 282 (1894), 647, 653. 

') heckmann, Liebig's Annalen 2>V) (1889), 327; |oum. f. prakt. Chem. 11. 
.Vi (1897), 15. 

”) Bruhl, Berl. Berichte 21 (1888), 457, table, 

“) Berkenheim, Berl. Berichte 25 (1892), 688. 

T Beckmann, Liebig’s Annalen 250 (1889), 325. 

') Berl. Berichte 20 (1896), 314. 
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in the last fractions of the oil of Eucalyptus Globulus.') Arti¬ 
ficially it can be obtained by the action of nitrous acid upon 
pinylamine acetate or nitrate.-) 

For the alcohol isolated from eucalyptus oil Wallach records 
the following constants: 

B.p. 92“ (12 mm.): d„. 0,9745; n,,,.. 1,49630; 
for artificial pinocarveol: 

B. p.215 to 218“; d,,,, 0,978; n„„, 1,49787. 

For its identification the phcnylurcthanc is suited. It melts 
at 82 to 84" (a small part thereof melts at 95 ). 

Myrtenol 

CCH.,OH 

HCf ')CH 

[{CitfeC I 

H,C\ /CH,, 

\ " 

CH 

Myrtenol, C|,|H„|0, is the name applied by v. Soden and 
Elze“) to an alcohol which they found, mostly as acetic ester, 
in oil of myrtle. 

Its acid phthalic ester melts at 116' from which the alcohol 
can be regenerated as a colorless oil possessing the odor of 
myrtle. Its constants arc: 

B. p. 220 to 221' (751 mm.), 79,5 to 80” (3,5 mm.); d„. 0,985; 
a„4-49 25'. 

Myrtenol has been examined closer by Semmler and Bartelt*) 
who have found the following constants: 

B. p. 222 to 224", 102,5” (9 mm.); d.,„, 0,9763; -f 45” 45'; 
n„ 1,49668. 


‘) Wallach, LiebiK's Annalen :U« (1906), 227. 
'■) Wallach, Liebig’s Annalen 477 (1893), 149. 
”) Chem. Ztg. 49 (1905), 1031. 

•) Berl. Berichte 40 (1907), 1363. 
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With phosphorus pentachloride, a chloride C^HjjCI was 
obtained which upon reduction with alcohol and sodium yielded 
pincnc. The above formula by Semmler and Bartelt is based on 
these facts. Upon oxidation with chromic acid, the aldehyde myr- 
tcnal C||,H|,0 results (b. p. 87 to 90' under 10 mm.; dj,,., 0,9876; 
n„ 1,50420). It is further characterized by its scmicarbazone, 
m. p. 230', and its oxime melting at 71 to 72°. For identification, 
myrtcnol can be cither converted into the acid phthalic ester 
(ill, p. 114 to 115 ) or oxidized to myrtenal, 

Borneo!. 

CH., 

1 ■ 

C 


H.,C CHOH 

CH„ C- CH,, 

H.,C -CH, 


CH 

As such borneol, C,|,H,^0, is found in both optically active 
modifications, as ester mostly in the lievogyrate modification. 
Borneo camphor from Dryobanalops Camphora is d-borneol, 
Ngai camphor (or Ngai-fcn) ') from lilumea balsamifera consists 
entirely or in part of la'vogyrate borneol. 

In addition, rf-borncol has been found in the oils of Siam 
cardamoms, nutmeg, lavender, rosemary, and spike; /-borneol in 
the oil from the buds of Pinus maritima, also in the oils of 
thuja, citronclla, Canada snake root, coriander, yellow pine, 
valerian, kesso root and feverfew. Furthermore the occurence 
of borneol is reported in a number of oils without mention of 
the direction of rotation, viz., in larch needle oil, in the oil from 
the needles and cones of Picea rubens, in cedar leaf oil, in the 

') Report of Schimmel 6 Co. April ISIX), 76; April IfHISI, 147. 
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oils of ginger, Piper camphorikrum, camphor, cinnamon root, 
sage, thyme, golden rod, and Achillea nobilis. 

As ester bomeol occurs in the oils from the leaves and 
cones (?) of Abies alba, in that of the needles of Picea excelsa, 
the oil of Pinus montana, in the German and Swedish oils of 
Pinus sylyestris (?), in the oil of hemlock leaves, in the oils of 
the needles and cones of Picea canadensis and P. rubens, in 
the oils of the needles and twigs of hrix americana, in the 
oil of the twigs of Abies canadensis, furthermore in the needle 
oils of Picea nigra, Abies balsamea, Abies sibirica, Larix eu¬ 
ropea 1^) and Callitris glauca; also in the oils of coriander, 
Satureja Thymbra, Thymus capitatus, valerian, kesso root and 
golden rod. As butyrate borneol has been found in valerian oil, 
and as /sovalcrate in valerian oil and kesso root oil. 

Artificially borneol can be obtained by the reduction of d- or 
/-camphor by means of sodium in alcoholic solution') or in in¬ 
different solvents.-) However, the borneol thus obtained is never 
pure since it consists of a mixture of borneol and /soborneol, 
the latter being probably stereoisomeric with the former. When 
alcohol is used, less /soborneol is obtained than when indifferent 
solvents are employed. In the latter case as much as 5 p. c. 
camphor pinacone is also formed.®) From the mixture of the 
two bomeols, pure borneol can be obtained by converting it into 
the acetate or benzoate. Upon cooling, the borneol acetate, re¬ 
spectively benzoate crystallizes out and can be saponified. From 
pinene (turpentine oil) also borneol can be obtained, either as 
ester by heating with acids, e. g., benzoic acid, oxalic acid, or by 
converting the pinene into bornylchloride and subsequent change 
of this compound into borneol or into camphor and /soborneol 
(see under camphanc). 

Crystallized from ligroin, pure borneol forms shiny leaflets 
or plates belonging to the hexagonal system.') It possesses an 
odor similar to camphor but also reminding of ambra. It melts 
at 203 to 204 ’ (preparations containing /soborneol melt at 206 
to 2081 and boils at 212 , Like camphor, borneol is volatile at 

*) Wailach, Liebig’s Annalen SiMt (1885), 225. 

-’) Beckmann, Berl. Bcrichte 21 (1888), rep. 321. 

"■) Beckmann, |oum. f. prakt Chem. II. 55 (1897), 36. 

') Traube, Joum. f. prakt. Chem. 11, 49 (1894), 3. 
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ordinary temperature but not to the same degree as the former. 
According to Plowman,') the specific gravity of c/-borneol is 1,011, 
that of /-borneol 1,02. 

The angle of rotation, as found by Beckmann,-) is n- 37,44° 
for (/-borneol. In agreement therewith is the statement by Halier’) 
who found [«]„ !-37,63° for an alcohol regenerated from the 
crystallized acetate. For natural /-borneol, Beckmann found 
l"Ji> -37,74 ,’) Haller fi;],, 37,77'.’) A somewhat higher angle 

of rotation, v/z.,—39"25', was observed for the /-borneol known as 
Ngai-fcn.') The borneol found in most volatile oils is more or 
less of a racemic mixture. 

The dextrogyrate and la,‘vogyratc modifications of borneol be¬ 
have alike chemically. Although borneol is a saturated alcohol, it 
forms unstable addition products with bromine and hydrohalogen ’■) 
which, however, arc not suited lor purpose of identification. 
Hydrohalogcns, or better phosphorus halides, also convert borneol 
into the hornyl halides, which, however, arc more satisfactorily 
prepared from pinene. As a secondary alcohol, borneol upon 
oxidation is first converted into the corresponding ketone 
C|„H|,|0, camphor. A change in the direction of rotation is not 
effected thereby. When stronger or acid oxidizing agents arc 
employed, oxidation products of camphor, vi/., camphoric acid, or 
those of camphene may also be produced. Toward dehydrating 
agents, such as zinc chloride and dilute sulphuric acid, borneol 
is very stable.") In this respect it behaves very differently from 
the isomeric /soborncol. When treated with phosphorus penta- 
chloridc it yields bornylchloridc which upon boiling with aniline 
is converted into camphene. 

Numerous ethers and esters of borneol have been prepared. 
Some of the latter arc crystalline and can be utilized for the 
identification of the borneol. The formate, acetate, valerate and 
benzoate are described in the chapter on “Esters”. 

') Pharmaceutical )oum. St (1874), 711. 

•) Liebig's Annalen iW (1889), 353; |ourn. f. prakt. Chem. 11..»(1897), 33. 

") Compt. rend. UW()889), 30; see also Haller, Compt. rend, lid (1891), 143, 
On the influence of solvents on the angle of rotation. 

') Report of Schimmel (k Co. April I8»5, 76 . 

") Wallach, Liebig's Annalen dSI (1885), 226. 

”) Bertram and Walbaum, journ. t. prakt. Chem. II. 4# (1894), 8. 
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By heating bomeol with potassium hydroxide to 250 to 280'', 
Guerbet') accomplished an almost quantitative direct change to 
campholic and /socampholic acids. 

In order to determine the presence of borneol in volatile 
oils, fraction 205 to 215° is used. Upon cooling borneol not in¬ 
frequently crystallizes out. 

For its identification the bornylphenylurcthane is prepared 
with the aid of carbanil. It melts at 138 to 139*) and is op¬ 
tically active in the same direction as the underlying borneol. 
The acetate melting at 29° can also be used, as well as the 
addition products of borneol with chloral and bromal. That with 
chloral melts at 55 to 56",’) that with bromal at 105 to 106°.*) 
Finally, borneol can be oxidized with Beckmann’s chromic acid 
mixture to camphor and the latter identified by means of its 
oxime which melts at 118 to 119". 

Occasionally it is necessary to .separate a mixture of borneol 
and camphor, in such a case one can proceed according Haller’s’) 
method whereby the mixture is heated with succinic acid anhydride, 
thus converting the borneol into its acid succinic acid ester, the 
sodium salt of which is .soluble in water and hence can readily 
be separated from the camphor. In place of succinic acid anhyd¬ 
ride, phthalic acid anhydride can be employed. Tlie benzoic and 
stearic esters of borneol, which can be obtained by heating with the 
corresponding acid anhydrides, are difficultly volatile. Hence any 
camphor can be .separated from these by steam distillation. On 
the other hand, camphor can be converted into its oxime and this be 
separated from the mixture by shaking with 25 p. c. sulphuric acid. 

For the quantitative determination of borneol in such a 
mixture, a very concentrated solution thereof in a suitable solvent 
(xylene) can be acetylized and the alcohol content ascertained 
by means of the ester number. 

If rsoborneol be present, this can be converted into camphene 
by heating with benzoic acid, benzoic acid anhydride or stearic 


') Compt. rend. 147 (1908), 70; 148 (1909), 98. 

*) Bertram and Walbaum, [oum. f. prakt Chem. II. 4» (1894), 5. 

») Haller, Compt rend. 112 (1891), 145. 

') Minguin, Compt rend. 11« (1893), 889; Bertram and Walbaum record. 


loc, cit, 98 to 99 \ 

‘^) Compt. rend. 108 (1889), 1308. 
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acid and the borneol regenerated from its ester. By heating for 
' I to 'll hour with a mixture of 20 p. c. sulphuric acid and 
80 p. c. methyl alcohol, the /soborncol only') is converted into 
the methyl ether. In order to differentiate borneol from /soborneol 
Tschugaeff’s method, based on the behavior of nitric acid toward 
the two alcohols, is well suited.-) With pure concentrated nitric 
acid, borneol develops red vapors, but pure /soborneol never. 
Oxidizing agents attack borneol more readily. It is also note¬ 
worthy that the derivatives of borneol arc more difficultly soluble 
than those of /soborneol. 

By treating camphcne hydrochloride with milk of lime, Aschan") 
prepared a new borneol designated camphene hydrate. It 
consists of a hard, white crystalinc mass that melts at 142" and 
boils at 205 . The melting point of the sublimed substance is 150 
to 151 . The odor is moldy and menthone-like. Characteristic of 
the new alcohol is the readiness with which it looses water thus 
regenerating camphcne. The loss of water results even when the 
alcohol is shaken with warm, dilute mineral acids, or when it is 
boiled with glacial acetic acid, or sometimes even upon distillation. 


hoborneol. 

This alcohol which results together with borneol upon re¬ 
duction of camphor, and which, according to the latest views, 
is regarded as stercoisomeric with borneol, can also be obtained 
upon hydration of camphcne.') According to Bertram and Walbaum 
it melts at 212“ in the scaled tube. Its boiling point cannot be 
ascertained since the alcohol begins to sublime before the boiling 
temperature has been reached. Its phenylurethanc melts at 138 
to 139 and regenerates /soborneol when treated with alcoholic 
potassa. When heated with dehydrating agents camphene results. 
The reactions by means of which /soborneol can be distinguished 
from borneol have already been discussed under the latter. 

') Bertram and Walbaum, )oiira. f. prakt. Chem. II. 4« (1804), 8; Hesse, 
Berl. Bcrichte 811 (IdOb), 1144. 

') Chem. Ztg. 2B (1802), 1224. 

>) Berl. Berichte 41 (1908), 1092. 

') Bertram and Walbaum, )ourn. I. prakt Chem. II. 49 (1894), I. 
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ThuiyI alcohol. 

Thujyl alcohol (tanacetyl alcohol), C„H,bO, occurs in oil of 
wormwood, in part as such, in part as esters of acetic, valeric 
and possibly also of palmitic acids. 

Artificially it was obtained by Semmler’) and by Wallach*) 
by the reduction of thujone. The constitution of thujone has 
not yet been definitely ascertained. (Comp, thujone). 

Semmler’) found; 

B.p. 92,5" (13 mm.): d,,,.0,9249; n,, 1,4635. 

Wallach*) has recorded the following constants; 

B. p. 210 to 212"; d.,.0,9265. 

Thujyl alcohol reveals the properties of a secondary alcohol; 
it is readily oxidized to the ketone thujone. It is this property 
that is used for its identification. Thujone oxime melts at 54". 


Fenchyl alcohol. 

CH. 

1 

C 




'f/ 


OH 


H,C 


CHJ 

' : 

CH 




,CH. 

CH, 


Fenchyl alcohol, to which Semmler has assigned the above 
formula, has thus far been found but once in a volatile oil,*) 
namely in the oil obtained by steam distillation from the stumps 
of the yellow pine or Pinus palustris several years after the 
timber had been cut Artificially it is obtained by the reduction 
of fenchone. According to Barbicr and Grignard*) fenchyl 


*) Berl. Berichie (1892), 3344. 

*) Uebifi's Annaten (1893), 109. 

®) Report of Schimmel ft Co. April 1910,107. 
<) Bull. Soc. chim. IV. 5 (1909), 512, 519. 
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alcohol results together with other alcohols when French tur¬ 
pentine oil is hydrated. These investigators assume that it is 
formed from the |f-pinene present, an assumption that has not 
yet been proven. 

Fcnchyl alcohol obtained by reduction of fcnchonc is opti¬ 
cally active in an opposite direction from that of the ketone. 

Wallach records the following properties; 

B. p. 201'; d,„.0,933; [«J„-10,35';') m. p. 45".-) 

Bertram and Hellc“) found; 

M. p. 45"; b. p. 201 to 202"; [»1„-10,9'. 

The /'-fcnchyl alcohol isolated from yellow pine oil possessed 
the following constants; 

M. p. 33 to 35"; b. p. 202 to 203”; [«]„ i-0'. 

An inactive product obtained by Wallach by mixing d- and 
/-fcnchyl alcohol had the same melting point. 

When oxidized, fenchyl alcohol yields fcnchonc, when de¬ 
hydrated, fenchene. 

For the identification of active fenchyl alcohol, the acid fenchyl- 
phthalic acid ester, which melts at 145 to 145,5", and the phenyl- 
urethane, which melts at 82 to 82,5”, arc used. Of the inactive 
derivatives the acid phthalic ester melts lower (at 143 ) and the 
phenyl urethane higher (at about 88") than the corresponding 
active derivatives. The oxidation to fcnchonc and the charac¬ 
teristic derivatives of this ketone may be used for identifying 
fcnchyl alcohol. 


Corresponding to the aliphatic sesquiterpenes there are oxy¬ 
genated derivatives found in volatile oils which, judging from their 
properties, must be regarded as derivatives of this class of ses¬ 
quiterpenes. While they have been observed but rarely and 
though but little is known as to their constitution, it is to be 
expected that a more thorough investigation will reveal their 
more frequent occurrence. 


') Liebig's Annalen 28:) (1891), 145. 

“) Ibidem 2S4 (1895), 331. 

*) Journ. f, prakt. Chem. II. 61 (IWO), 295. 
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ALIPHATIC SESQUITERPENE ALCOHOLS. 

Nerolidol, C, 5 H,„ 0 , has been found in the high-boiling 
fractions of orange blossom oil. 

B.p. 276 to 277128 to 129” (6mm.); d0,880; «„+13”32'.') 

While it itself possesses but a faint odor, it has the capacity 
to fix other perfumes. 

Farnesol, CnH^O, occurs as ester in the oil of ambrette 
seeds, the oil of linden blossoms and in the flower oils of several 
species of acacia, possibly also in oil of rose. 

B. p. 160' (10 mm.); d„. 0,885; n„l,488.''') 

B. p. 149" (4 mm.); d,;,. 0,894; ('„ + 0”.''') 

Its odor is faint, reminding of that of ccdarwood. Upon 
oxidation it yields the aldehyde farnesal, the semi- 

carbazone of which melts at 133 to 135”.“) 

More important than the aliphatic are the cyclic sesqui¬ 
terpene alcohols. As a rule the amount in which they occur 
in the oils is smaller than that of the sesquiterpenes; though 
there are oils, like the East Indian sandalwood oil, that consist 
almost entirely of sesquiterpene alcohols. Many of them are 
characterized by a marked capacity to crystallize. This is parti¬ 
cularly true of the tertiary compounds. Hence they occasionally 
separate from the oils in crystalline form upon standing. Formerly 
such separations were designated as “camphor”, hence some of 
the conventional names are still in use. 

For the crystalline sesquiterpene alcohols, the melting point 
serves as a characteristic constant. Their isolation from the 
volatile oils seldom affords difficulties since they can be separated 
by crystallization. In order to isolate the liquid sesquiterpene 
alcohols, fractional distillation has to be resorted to. Under 
ordinary pressure they distill at about 300 . 

Chemically, a distinction is made between primary, secondary, 
and tertiary sesquiterpene alcohols. From another point of view 
they can be classified into dicyclic and tricyclic compounds. In 

') Hesse and Zeitschel, |oum. I. prakt. Chem. II. #6 (1902), 504. 

*) Haartnann 6; Reimer, G. I. P. 149603; Chem. Zentralbl. 1004,1. 975, 

“) v. Soden and TreB, Berl. Berichte 37 (1904), 1095. 
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addition, there are compounds of the formulas CjjHj,© and 
which stand in very close relation to the sesquiterpene 
alcohols. But very little is known concerning the constitution 
of these as of the sesquiterpene alcohols. Herewith there follows 
a compilation of the representatives of this group that have thus 
far been found in volatile oils. 


DICYCLIC SESQUITERPENE ALCOHOLS. 

Santalols, C|jH.;,0. The principal component of East 
Indian sandalwood oil (from Santahun album) is a mixture of 
two primary unsaturated alcohols, which have been designated 
(I- and ,f-santalol. The former, in all probability, is tricyclic, 
the latter dicyclic. Quantitatively the ((-compound predominates. 
For two crude santalols Semmler') records the following constants; 

B. p. 161 to 168" (10 mm.); d. 0,973; «„ 21; n„ 1,50974; 

d,„ 0,9762; ((,,-18 30'; n„1,5097‘4. 

v. Soden'-) records the following maxima and minima: 

d„. 0,976 to 0,978; ((,,-16" 30' to -20 . 

In the laboratory of Schimmel 8; Co. the following constants 
were observed in connection with crude santalol of their own 
manufacture: 

d,„.0,973 to 0,982; ((„-14‘ to -24"; n„.,„ 1,504 to 1,509, 
soluble at 20° in 3 to 4 vols. of 70 p. c. alcohol. 

For the two varieties of santalol the following constants 
have been recorded: 

((-Santalol: b. p. 300 to 301" (760mm.); 162 to 163 (13mm.); 
d„.0,9854; ((„-l,2".») 

B.p. 301 to 302' (752 mm.), 155' (8 mm.); d,.,.0,977;') 

,f-Santalol: b. p. 309 to 310" (760mm.), 170 to 171' (14 mm.); 
d„, 0,9868; ((„-56“.‘) 

•) BcrI. Berichte 40 (1907), 1132. 

«) P)iarm. Ztg. 54 (1909), 251. 

*) Guerbet, Compt. rend. ISO (1900), 132b. 

') v. Soden, Arcli. der Pharm. SSS (1900), 362. 

*) Guerbet, toe. cil. 
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Concerning its chemical properties, santalol has been ex¬ 
amined thoroughly by a number of investigators. Hence a large 
number of derivatives is known. Upon oxidation with chromic 
acid, the aldehyde santalal, C„H|, 50 , results, the semicarbazone 
of which melts at 230 .‘) Oxidation with permanganate in acetone 
solution converts it mainly into tric/c/oeksantalic acid, C„H,.0„ 
m. p. 71 to 72-'.“) 

The other derivatives are scarcely suited for identification 
purposes, hence arc not mentioned in this connection. 

It should be mentioned, however, that santalal also is possibly 
a constituent of East Indian sandalwood oil. 

A so-called santal camphor, a compound has been 

separated from the oil of a South Australian sandalwood (San- 
talum Preissianum). It melts at 104 to 105 ?). 

Amy rots, and CuH,j„0, were obtained from the 

West Indian sandalwood oil distilled from Amyris species. They 
apparently constitute mixtures of compounds possessing the above 
formulas. Upon esterification, dehydration is apt to take place. 

Betuhl, C, 5 H„ 0, occurs free and as acetate in the oil of birch 
buds. B. p. 284 to 288” (743 mm.); 138 to 140° (4 mm.); d„,0,975; 
«ii —35°; n,, abt. 1,50179. It can be esterified quantitatively. 

TRICYCLIC SESQUITERPENE ALCOHOLS. 

Cedrol (cedar camphor, cypress camphor), has 

been found in oils of cedarwood (Juniperus virginiana), Juni- 
perus chinensis (?), cypress and Origanum smyrnaeum (?) as 
the dextrogyrate modification. M. p. 86 to 87"; b. p. 291 to 294° 
(ord. pressure), 157 to 160” (8 mm.); [«]i, + 9’3r (in chloroform 
solution). Treated with phosphorus pentoxidc or formic acid, it 
readily splits off water, yielding cedrene. The phenyl urethane 
melts at 106 to 107°.*) 


‘) Semmler and Bode, Berl. Berichte 40 (1907), 1126. 

*) Ibidem 1133. 

•) Report of Schimmel 6 Co. April 1S91, 65; October 18»1, 45. 
*) Report of Schimmel § Co. October 1908, 49; April 1910, 46. 
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Cubeb camphor, CuH^O, is reported to separate from 
oil of cubcb when the latter is exposed to the air for a long 
period. It is laevogyrate, melts at 68 to 70‘ and boils at 248° 
with loss of water. This loss of water can also be brought 
about readily by other means. 

Ledum camphor, CuH^O, has been obtained from the 
oil of Labrador tea in long, colorless needle-like prisms, melting 
at 104' and boiling at 281°. Its alcoholic solution is slightly 
dextrogyrate. It produces a toxic effect on the human organism. 
It is readily converted into the sesquiterpene ledene. 

Patchouli alcohol or -camphor, C„H,„0, is an odor- 
le.ss constituent of patchouli oil from which it separates in crystals 
that melt at 56". It is strongly laevogyrate, |«1„ —97"42' (in 
chloroformic solution). Like a liquid compound from the same 
oil, which however deviates the angle of polarized light to a 
lesser degree, it readily looses water, forming patchoulene. 

Atractylol, CnH.j„0, separates from the oil distilled from 
the roots of Atractylis ovala. M. p. 59 ; b. p. 290 to 292 
(760 mm.); 162 (15 mm.); n,, 1,51029 to 1,51101. It is distin¬ 
guished from patchouli alcohol by being optically inactive. The 
odor is said to remind of that of lillies of the valley. If a few 
drops of sulphuric acid be added to a chloroform solution, a 
red-brown color is produced changing to violet. This alcohol 
also readily looses water yielding atractylenc. 

Guajol, C„H,„0. This sesquiterpene alcohol is contained 
in the oil of the wood of liulnesia Sarmienti and in that obtained 
from the wood known as "Kajoe garoe".') Its properties are: 

M. p. 91'; b.p. 288°; 29,8°. 

The properties of the compound obtained from /(a/oe garoe 
deviate somewhat. Guajol does not loose water as readily as 
do some of the other sesquiterpene alcohols. When water is 
split off it yields the blue-colored guajene. 

') Eyken, Recueil des trav. chim. des P.-B. 25 (1906), 40, 44; Chem. 
Zentralbl. liXW, I. 841. 
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For guaiyi methyl ether, obtained by the action of methyl iodide 
on guajol potassium, Gandurin') found the following constants: 

B.p.141tol43'(9mm.); d;:0,9513; d*;0,9332; [«]„«.-3l,8l'’; 
n,,,,.,, 1,48963. 

Matico camphor, C^HojO, formerly obtained from the 
oil of matico leaves, is no longer found in this material. It 
crystallizes in thick, hexagonal columns melting at 94''; 
|kJi, —28,73" in chloroform solution. It looses water when 
heated for several hours with 50 p. c. sulphuric acid. 

Sesquiterpene alcohol from eucalyptus oil. From 
the oil of Eucalyptus Globulus a sesquiterpene alcohol C,5H,j,0 
of the following properties has been isolated: 

M. p. 88,5"; b. p. 283" (755 mm.); [«]|, —35''29' (in chloro¬ 
form solution). 

When water is split off, two distinct sesquiterpenes are 
formed. 

There can be no doubt that sesquiterpene alcohols are 
widely distributed in volatile oils. A number of compounds have 
been isolated which evidently belong to this group. Thus from 
oil of juniper berries a substance melting at 165 to 166", from 
ylang-ylang oil one melting at 138", and from the oil of Piper 
lowong one melting at 164". So far as the present stage of 
investigation seems to indicate, the presence of sesquiterpene 
alcohols may be suspeeted in the oils of Atlas cedar. Crypto- 
mcria japonica, vetiver, paradise grains, paracoto bark, Nec- 
tandra Caparrapi, Maali resin, laurel leaves, camphor, copaiba 
balsam, pelargonium, neroli, angostura bark, opopanax resin, 
cascarilla, Aralia nudicauUs, asafetida, valerian, Spanish hops, 
and Blumea balsamifera. 

In this connection several alcoholic constituents of volatile 
oils with more than 15 carbon atoms in the molecule should be 
mentioned: 

Turmerol, C,„H„0, contained in oil of turmeric (b. p. 285 
to 290' ; d,;.0,9016; [«]„+ 33,52 ); and an 


') Berl. Berichte 41 (1908), 4362. 


26 * 
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Alcohol, Cj„H,oO, isolated from the oil of Erythroxyhn 
monogynum (m. p. 117 to 118°; [«]|, + 32"28' in chloroform 
solution). This alcohol can be esterified quantitatively, the acetate 
melting at 72 to 73'. 

The fact that the sesquiterpene fractions of certain oils are 
colored blue should not fail to receive mention. This blue color 
is most intense in the fractions boiling between 275 to 300’’, 
though also observable in the lower fractions. The color varies 
from the most intense indigo-blue to greenish shades. As is the 
case with chamomile oil, the oil itself may be colored strongly 
blue. Certain oils obtained by the dry distillation of resins 
reveal a similar color, as do also some of the sesquiterpenes 
obtained artificially (guajene, atractylene). As to the cause of 
the color not the least is known. There would appear to be 
some indication, however, that it is due to the formation of oxy- 
dation products. The following list contains the names of those 
oils in which the blue color has been observed, viz., the oil of 
Piper Lowong, the oil from the berries of Piper Cuheba, the 
oil of Canada snake root, camphor oil, the oil of pichurim beans. 
Reunion geranium oil, the oils of guaiac resin, cedrella wood, 
damiana leaves, Aralia nudicaulis, Meum athamanlicum, the 
root of Pinipinelia nigra, japanese angelica root, asafetida, 
galbanum resin, sumbul root, opopanax resin, patchouli, dilem 
leaves, valerian, kesso root, chamomile, wormwood, milfoil, 
European pennyroyal, Roman chamomile, Achillea coronopifolia, 
A. moschata, and elecampane. 


ALDEHYDES. 

ALIPHATIC ALDEHYDES. 

Aside from the aldehydes citral and citronellal, which are 
to be mentioned later in this chapter and which occur rather 
frequently, the aliphatic aldehydes constitute only minor con¬ 
stituents of the volatile oils. In as much, however, as the charac- 
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teristic odor of some oils is dependent on the presence of small 
amounts of these aldehydes, they are, nevertheless, of great im¬ 
portance. Because of this property, such aldehydes as nonylic 
aldehyde and decylic aldehyde, play an important role in the 
production of synthetic oils. 

Like the corresponding alcohols, the lower members of this 
series, which are probably formed during the process of steam 
distillation, are found principally in the aqueous distillate or in 
the first distillate obtained during the fractionation of the oil. 
Their presence is frequently revealed by their pungent odor. 
They are most readily isolated by means of bisulphite. Lower 
aldehydes are contained in the oils of ginger, kesso root, saba- 
dilla. Allium ursinum, milfoil. Eucalyptus Globulus. In the 
following account brief mention is made of the aldehydes thus 
far found in .volatile oils. 

Formaldehyde, H • CHO, has thus far been identified with 
certainty in apopin oil. For its identification, the liquid, in which 
its presence is suspected, is evaporated with ammonia on a water 
bath. If present, the characteristic crystals of hexamethylene 
tetraminc are formed. 

Acetaldehyde, CH, CHO, has been observed rather fre¬ 
quently, more particularly in seed oils. It has been found in the 
oils of orris, camphor, anise, caraway, rosemary (?) and pepper¬ 
mint, especially when working with larger amounts of these oils. 
It is identified by means of the color reaction') with trimethyl- 
amine and sodium nitroprusside. 

Butyric aldehyde, C,H, CHO, boils at 75” and presum¬ 
ably occurs in the oils of Eucalyptus Globulus and cajeput. It 
can be identified by means of its p-nitrophenylhydrazone') which 
melts at 91 to 92°. 

hovaleric aldehyde, C*H„ CHO, can frequently be 
recognized by its disagreeable, irritating odor which causes 

') Rimini, Annaii Farmacoterapia e Ch. 189H, 249; Chem. Zentralbi. 
18%, II. 277. 

*) Dakin, Joum. of Biol. Chem. 4 (1908), 235; Chem. Zentralbi. ISOS, I.'|259. 
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coughing. It possibly occurs in the oils of cajeput, niaouli, 
Eucalyptus rostrala, E. Globulus, and cloves. In addition iso¬ 
valeric aldehyde has been found in American and French pepper¬ 
mint oil, in kesso oil(?), and in lavender oil(?). It can be 
characterized by its oxidation to /sovaleric acid, /sovaleric aldehyde 
boils at 92 . Its thioscmicarbazone melts at 52 to 53".‘) 

Capronic aldehyde, QHji -CHO, boils at 128" and is 
very likely contained in the oil of Eucalyptus Globulus. The 
unpleasant, irritating odor of several eucalyptus oils is probably 
due to the presence of this aldehyde as well as that of butyric 
and valeric aldehydes.-) 

n-Octylic aldehyde, C;H,., CHO, is possibly contained 
in lemon oil. It possesses a strong odor reminding of oenanthol. 
The following properties were ascertained by Schimmel 8i Co.“) 
in connection with a preparation obtained by the oxidation of 
octylic alcohol and purified through the bisulphite compound: 

B. p. 60 to 63’ (10 mm.); djj,0,827. 

Semmler*) records the following constants: 

B. p. 60 to 61" (9 mm.); dj„. 0,8211; n,, 1,41955; b. p. of the 
oxime 60 '; m. p. of the semicarbazonc 101'. 

Octyl-if-naphthocinchoninic acid forms small, white crystals 
which melt at 234". With phosphonium iodide, octylic aldehyde 
combines to a compound that melts at 115,5’. 

n-lionylic aldehyde, C,H|. CHO, is a constituent of the 
oil of orris root, of Ceylon cinnamon oil, of German rose oil, of 
mandarin oil, and probably also of lemon oil. The following 
constants have been observed in connection with an aldehyde 
isolated from oil of rose: 

B. p. 80 to 82’ (13 mm.), d,,. 0,8277; n„„. 1,42452.’) 

*) Neiiberg and Neimann, Bert. Bcrichte iB (IdOZ), 2052. 

*) Schimmel's Bericht April WSS, 18. 

’) Report of Schimmel S Co. April ISSS, Zb. 

■) Bert. Berichte 42 (I«9), llbl. 

‘"j Report of Schimmel & Co. October 19(10, 54. 
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Upon oxidation it yields pelargonic acid which boils at 252 
to 253°. The aldehyde is characterized by its oxime which melts 
at 69° and by its semicarbazone which melts at 100°. 

n-Decylic aldehyde, C,H,„.CHO, occurs in the oils of 
Icmongrass, orris root, sweet orange, mandarin, neroli, cassie 
blossoms, and coriander. Furthermore, its presence in the leaf 
oil of Abies alba seems probable. Stephan') records the fol¬ 
lowing constants for a decylic aldehyde isolated from oil of 
sweet orange: 

B. p. 207 to 209° (755 mm.) with slight decomposition, 93 
to 94’ (12 mm.); d,,. 0,828; n,,,,. 1,42977. 

For decylic aldehyde from iemongrass oil the following 
constants were observed; 

B. p. 80 to 81° (6,5 mm.); d,.,. 0,8361.-) 

Characteristic are the naphthocinchoninic derivative, ob¬ 
tained by condensation of the aldehyde with /f-naphthylamine and 
pyrotartaric acid, and which melts at 237’; the oxime, which 
melts at 69"; the semicarbazone, which melts at 102°; and the 
n-caprinic acid, which results upon oxidation and which melts 
at 30 to 31° and boils at 267 to 269" (753 mm). 

Laurinic aldehyde, CjjHjj CHO, occurs in the leaf oil of 
Abies alba and possibly also in oil of rue. At ordinary tem¬ 
perature it is solid. Exposed to air it oxidizes to laurinic acid 
which melts at 43°. The semicarbazone melts at 101,5 to 102,5°. 


Of much greater importance than the aldehydes thus far 
enumerated are the aliphatic terpene aldehydes citral, 
and citronellal, C|„H„0; also a number of aromatic aldehydes. 
The former are especially noteworthy because of their relation 
to other volatile oil constituents, more particularly the alcohols. 
Of the latter, benzaldehyde and cinnamic aldehyde occur in 
considerable amounts in some oils. 

') joum. f. prakL Chem. 11. 62 (1400), 525. 

“) Report of Schimmel 5 Co. October 1#05, 45. 
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Citral. 


or 


H,C. 

'CCH.,CH„CH„C;CHCHO 

HX ' ■ ■ ■ I 

CH, 


HX 

HX 


C:CHCH,CH,C:CHCHO 


CH, 


Citral') is the only aliphatic aldehyde of the formula C|||H„0 
that has thus far been isolated from volatile oils. It is also 
known as geranial, because of its close relation to geraniol, 
being the first oxidation product of the latter. Its occurrence in 
nature is rather common. It was first found by ). liertram") in 
the oil of liackhousia dlriodora. In as much as it was shown 
to be identical with the lemon-scented constituent of oil of lemon, 
it was named citral. Larger amounts arc contained in the lemon- 
grass oil as well as in the Backhousia oil just referred to. It 
occurs also in java citronella oil, ginger oil, kobushi oil, sassafras 
leaf oil, japancse cinnamon oil, the oils from the fruit, bark and 
leaves respectively of Telranlhera dtrata, German rose oil, the oils 
from the leaves and twigs of the sweet orange tree and the lemon 
tree, cedro oil, West-Indian limette oil, mandarin oil, oil of sweet 
orange (I?), japanesc pepper oil, may oil, oil of bay, oil of pimenta, 
the oils of Eucalyptus patentinervis, £ Staigeriana, E. vilrea (?), 
ii'ptospermum Uversidgd, verbena, Monarda dtriodora, and 
melissa. In these oils citral occurs in two modifications, designated 
citral “a” and citral "b", which appear to be stereoisomeric.") 
In practically all cases citral "a” predominates. 

From all of the oils enumerated above, citral can be isolated 
by means of its crystalline addition product with bisulphite (see 
below). From this compound, after previous purification by 
washing with alcohol and ether, citral can be obtained in a 
pure state by decomposition with alkali carbonate. 


') Concerning the history ol citral see Tiemann, Berl. Berichte 81 
(1898), 3278. 

*) Schimmel’s Bericht October 1888, 17. 

’) Tiemann, Beri. Berichte 88 (1900), 877. 
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To the extent of 30 to 40 p. c. yield citral can be obtained 
artificially by the oxidation of geraniol with chromic acid mixture.*) 
In like manner the tertiary alcohol linalool (likewise nerol) yields 
the same oxidation product, since the acid, oxidizing agent first 
causes the rearrangement of linalool to geraniol. Synthetically, 
citral has been obtained by the distillation of the calcium salt 
of gcranic acid with calcium formate.-) 

Citral is a thin, light yellow liquid, which is optically in¬ 
active and which possesses a penetrating odor of lemon. Under 
atmospheric pressure it distils at 228 to 229" with slight decom¬ 
position. Its constants, as recorded by Tiemann and Semmler,*) 
arc as follows: 

B. p. no to 112“ (12 mm.); 117 to 119" (20 mm.); 120 to 
122" (23 mm.); d.,.,0,8972; n„ 1,4931; d„.0,8844; n„ 1,48611. 

In addition Tiemann*) records the following constants: 

For citral "a”: B. p. 118 to 119" (20mm.); d,„, 0,8898; n„ 1,4891. 

For citral “b”: B. p. 117 to 118 (20mm.); d„„. 0,8888; n„ 1,49001. 

In the laboratory of Schimmel S; Co, the following observations 
have been made in connection with citral carefully purified through 
the bisulphite or the hydrosulphonic acid addition products: 

For citral from lemongrass oil: 

B.p. 110 to nr (12 mm.); d...0,893; n„„„ 1,49015.“) 

For citral from lemon oil: 

B.p. 92 to 93" (5mm.); d„.0,8926; n„j„o 1,48853. 

For citral from the oil of the fruits of Tetranthera citrata: 

d„. 0,8941; n„,«J,8767. 

Commercial products prepared by Schimmel ^ Co. had the 
following properties: 

d,j.0,892 to 0,895; n„jj, 1,488 to 1,489; soluble in about 
7 vols. of 60 p. c. alcohol. 

') Tiemann, Berl. Berichte 81 (1898), 3311. 

*) Tiemann, Berl. Berichte 81 (1898), 827. 

’) Berl. Berichte 86 (1893), 2709. 

*) Berl. Berichte 82 (1899), 117, 120; 83 (1900), 880, 

“) Report of Schimmel 6 Co. April 1869, 64. 
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As diolefinic aldehyde citral adds two molecules of bromine, 
but does not yield a solid bromide. Toward acids and acid 
reagents it is very susceptible, being altered materially by them. 
Like many of its derivatives, it can readily be converted into 
cyclic compounds. Dilute sulphuric acid and potassium acid 
sulphate act very energetically with the formation of cymene.') 
Alkalies likewise attack citral. When boiled with potassium 
carbonate solution it is broken up into acetaldehyde and methyl- 
heptenone, C,H„0.-) The same ketone results upon the oxidation 
of citral and is found accompanying the citral in lemongrass oil 
(sec also under “Ketones”). 

Citral reveals all of the properties of an aldehyde. It reacts 
with the well-known reagents for aldehydes and when reduced 
with sodium amalgam in acetic acid solution it is converted into 
geraniol.’) Toward sodium acid sulphite solution it behaves in 
a peculiar manner.*) If the solution does not contain too large 
amounts of free sulphurous acid, the difficultly soluble, normal 
crystalline addition product, C„H,j CH(0H)S08Na, is formed 
when the aldehyde is shaken with such a solution. From this 
compound sodium carbonate and sodium hydroxide regenerate 
the citral, but not quantitatively. If, however, this crystalline 
addition product is gently heated with an exeess of bisulphite 
solution, it is dissolved with the formation of a “labile" dihydro- 
disulphonic acid derivative of citral, C„H,; (S 03 Na).j CH0. From 
this the citral can be regenerated no longer by means of alkali 
carbonate, but by means of caustic alkali. If, however, the 
temperature is allowed to rise too high, the “labile” compound has 
been changed to a “.stabile” dihydrodisulphonic acid derivative, 
which is no longer yields citral even when acted upon with caustic 
alkali. This same compound results likewise when the normal 
compound is suspended in water and subjected to the action of 
steam until it has gone into solution. If the solution of the 
“labile” citral dihydrosulphonate of sodium is shaken with citral, 

') Semmler, Berl. Berichte 24 (ISRl), 204. 

‘) Verley, Bull. Soc. chim. III. 1< (1807), 175; Tiemann, Berl. Berichte 
88 (I8M), 107. 

*) Tiemann, Berl. Berichte 81 (1808), 828. 

') Tiemann and Semmler, Berl. Berichte 26 (1893), 2708; Tiemann, Berl. 
Berichte 81 (1898), 3310. 
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it is changed back to the citral hydromonosulphonate of sodium, 
C,H.,(SO,Na).CHO. 

The "labile” citral dihydrodisulphonate of sodium results 
likewise when an aqueous solution of sodium sulphite is shaken 
with citral; 

C„H,5CH0 + 2Na,SO, + 2H,0 -- C,H,;(SO,Na),CHO |-2NaOH. 

In as much as the sodium hydroxide set free would re¬ 
generate the citral from the compound just formed, it must be 
combined with dilute acetic acid, sulphuric acid, or an acid salt 
such as sodium bisulphite or sodium bicarbonate. According 
to Tiemann,^) the following method may be followed; A solution 
of 350 g. of sodium sulphite, NjuSO, + 7H,0, in I liter of water, 
colored red with a little phenolphthalein solution, is shaken with 
100 g. of pure citral. The strongly alkaline reaction produced 
is reduced from time to time by the gradual addition of a stan¬ 
dardized sulphuric acid of about 20 p. c. strength. The solution 
should always be slightly alkaline as revealed by the red color 
of the indicator. Otherwise the normal sodium acid sulphite 
addition product of citral, which is difficultly soluble, is exclu¬ 
sively formed and separated. 

Inasmuch as the derivatives of citral with hydroxylamine, 
phenylhydrazine, and ammonia are liquid, they cannot be utilized 
for the characterization of citral. When dehydrated with the aid 
of acetic acid anhydride, the oxime is converted into the nitrile 
of geranic acid. When acted upon by semicarbazide, citral yields 
several well crystallizable semicarbazoncs.*) Under certain con¬ 
ditions") this mixture of semicarbazones can be resolved into 
two compounds melting at 164'' and 171” respectively. Hence 
these can be utilized for the identification of citral. (See below.) 

Moderate oxidation, e. g. with silver oxide in ammoniacal so¬ 
lution yields the liquid geranic acid C,„H„0.j,") the odor of which 
resembles that of the higher fatty acids. More energetic oxidation 
with chromic acid mixture yields methylheptenone which, upon 

') Berl. Berichte SI (1898), 3317. 

•) Wallach, Berl. Berichte 28(1895), (957; Tieraann and Seramler, ibidem 
2133; Tiemann, Berl. Berichte 81 (1898), 821, 2315. 

’) Tiemann, Berl. Berichte St (1898), 3331. 

*) Semmler, Berl. Berichte 2* (1890), 3555; 2t (1891), 203. 



412 Principal constituents of volatile oils. 

further oxidation with potassium permanganate and chromic acid 
mixture, breaks up into acetone and Isevulinic acid.’) Because 
of these results the above-mentioned formula, corresponding to 
that for geraniol, has been assigned to citral. This formula 
agrees well with the properties of citral. 

When condensed with acetone, citral yields a ketone CjjHjkO, 
pseiidoionone. When heated with dilute sulphuric acid, this ketone 
yields ionone which is isomeric with the irone of orris oil. (See 
under Ionone.) 

Inasmuch as citral possesses a penetrating odor, this will 
as a rule indicate its presence in volatile oils. For its positive 
identification, the aldehyde is separated by means of its solid 
acid sulphite derivative. Regenerated, it is then converted into 
the ((-citryl-,f-naphthocinchoninic acid, discovered by Doebner,”) 
by condensation with pyrotartaric acid and ,f-naphthylamine. For 
the preparation of this compound, Doebner has given the fol¬ 
lowing directions: 20 g. of pyrotartaric acid and 20 g. of citral 
(or of the corresponding oil) are dissolved in absolute alcohol. 
To this solution, 20 g. of ,f-naphthylamine, likewise dissolved in 
absolute alcohol, are added and the mixture heated for three hours 
on a waterbath, the flask being connected with a reflux con¬ 
denser. Upon cooling, the citrylnaphthocinchoninic acid, which 
has separated in a crystalline form, is separated by filtration 
and purified by washing with ether, if the acid is very impure, 
it is dissolved in ammonia and precipitated from the filtered am- 
moniacal solution by means of acetic acid. The substance thus 
purified crystallizes from alcohol in yellow laminae. Doebner”) 
gives the melting point at 197". However, it lies somewhat higher 
being found at 200" or even slightly above that temperature. 

It should be remembered, however, that, in the presence of 
but small amounts of citral or other aldehydes, n-methyl-,f-naphtho- 
cinchonic acid is formed by the interaction of pyrotartaric acid 
and |f-naphthylaminc. This acid melts at 310° and is less so¬ 
luble in alcohol than is citrylnaphthocinchoninic acid. Hence it 
remains in the residue when the crude naphthocinchoninic acid 
is extracted with hot alcohol. 

') Tiemann and Semmler, Berl. Berichte (1843), 2718. 

Berl. Berichte 8! (1844), 354, 2026. 

”) Loc. cit ; Berl. Berichte 81 (1848), 1841; Comp, ibidem 3147, 3327. 
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It should further be remembered that when other alde¬ 
hydes are present the corresponding naphthocinchoninic acids 
are formed. Thus Doebner found not only citryl- but also 
citronellyl-|i-naphthocinchoninic acid (m. p. 225’) in fractions of 
lemon oil. 

As already pointed out, natural citral apparently consists of, 
two stercoisomcric forms, which have been designated citral “a” 
and citral “b” by Tiemann. The scmicarbazonc melting at 164’ 
corresponds to the former and can be prepared in accordance 
with the following directions: 

To a solution of 5 parts of citral (or of the fraction to be tested) 
in 30 parts of glacial acetic acid, a solution of 4 parts of semi- 
carbazide hydrochloride in a little water is added. After standing 
for a .short time, a considerable quantity of semicarbazonc 
separates in needle-like crystals. After having been recrystallised 
two or three times from methyl alcohol, they melt at 164". From 
the mother liquid of this semicarbazonc, the semicarbazonc cor¬ 
responding to citral "b" and melting at 171" can be separated.') 
Mixtures of both semicarbazoncs reveal melting points varying 
from 130 to 171°. As related compounds, the thiosemicarbazone, 
melting at 107 to 108", and the semioxamazone, melting at 190 
to 191', should be mentioned. 

Citrylidcnc cyanacetic acid, C„H,,,-CH;C(CN) COOH, ob¬ 
tained by condensation of citral with cyanacetic acid, is another 
derivative melting at 122° that crystallizes well and hence can 
be used for the identification of citral. It can be prepared 
according to the following directions: To a solution of one 
molecule of cyanacetic acid in three times its weight of water, 
two molecules of sodium hydroxide (as 30 p. c. sodium hydroxide 
solution) and one molecule of citral are added. If the citral be 
pure, it will dissolve without turbidity upon shaking. If the solution 
be turbid it is shaken out with ether. From the clear solution 
the citrylidene cyanacetic acid is precipitated by means of acids. 
It separates either in crystalline form or as an oil that readily 
congeals. Recrystallized from the benzene solution to which 
ligroin has been added, it is obtained in short, yellow crystals.'') 


') Tiemann, Bert. Berichte 31 (1898), 3331; 3S(1899), tl5; 38(1900), 877. 
*) Tiemann, Berl. Berichte 81 (1898), 3329. 
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In as much as citral “b” condenses more slowly than does 
citral “a", this method can be utilized for the separation of both 
modifications. Citrylidene cyanacetic acid "a" melts at 122", the 
"b’’-varicty at 94 to 95 .') 

Still another solid condensation product of citral is obtained 
with acetyl acetone. It is obtained by condensing 15,2 g. citral 
and 20 g. of acetyl acetone at room temperature with the aid 
of piperidine. After standing for three days the entire reaction 
mass congeals to a crystalline magma. Recrystallized from 
a mixture of alcohol, ether and ligroin, citrylidene bisacetyl- 
acetone is obtained in light yellow wart-like crystals that melt 
at 46 to 48 .0 

Ticniann'’) recommended that the presence of citral be est¬ 
ablished by condensing it with acetone to pseudo ionone and 
by identifying this by means of its semicarbazone. This method, 
however, is more complicated than the preparation of citryl 
naphthocinchoninic acid which is, therefore, given the preference. 

A method for effecting the separation of citral, citroncllal, and 
nicthylheptenone is given under the two last-mentioned compounds. 


Citmnellal. 


or 
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The second aliphatic terpenc aldehyde with ten carbon atoms 
that is found in volatile oils is the citroncllal, C,i,H,sO. It occurs 
occasionally as companion to citral, of which it is the dihydro- 
dcrivative. Differing from citral, citroncllal is optically active. 
However, with but one exception, it has been found in the dextro- 


*) Tiemann, Berl. Berichte 880. 

K. Wedemeyer, Cher Kondensationen mittehtHromatischerBasenusw. 
haug. Dissert. Heidelberg 1897. p. 24. 

=*) Berl. Benchte :M (1898), 822. 
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gyrate modification only. It is probable that whenever citronellal 
is found with a low angle of rotation it is a mixture of both 
active modifications. 

rf-Citronellal has been found in citronella oil, in the oils of 
Barosma pulchellum, Eucalyptus maculata var. citriodora, E. 
dealbata, and of balm; /-citronellal in “Java lemon olie”. With 
certainty the presence of citronellal has been ascertained in 
the oil from the bark of Tetranthera polyantha var. citrata, but 
its angle of rotation has not been recorded. Its presence in oil 
of lemon and in mandarin oil is still doubtful. 

In as much as citronellal can be separated by means of 
its crystalline bisulphite compound, its isolation from oils con¬ 
taining a large percentage of aldehyde, such as citronella oil 
and oil of Eucalyptus maculata, offers no difficulties. Since 
citronellal is very susceptible towards acids as well as toward 
alkalies, alkali carbonate is used to decompose the bisulphite 
compound. Artificially citronellal has been obtained upon oxi¬ 
dation of the primary alcohol citronellol C,„H,||0: however, 
the yield is even smaller than when gcraniol is oxidized to 
citral. In this manner the /-citronellol from rose oil is conver¬ 
ted into /-citronellal, which has been designated rhodinal by 
Bouvcault. 

Upon the ring cleavage of menthoxime to aliphatic com¬ 
pounds Wallach obtained an aldehyde C,|,H„0 which he desig¬ 
nated “Mcnthocitronellal”, and which closely resembles the 
natural citronellal, but is not identical with the latter.') 

According to Ticmann and Schmidt") citronellal boils at 
205 to 208 ' under atmospheric pressure and at 103 to 105' under 
a pressure of 25 mm.; d,-5,0,8538; n,, 1,4481; mol. refr. 48,29, 
computed for 47,92. 

For a citronellal regenerated from a recrystallizcd sodium 
acid sulphite double compound, Tiemann") records the following 
constants; 

B.p, 203 to 204'; 89 to 91" (14 mm.); d,;,.,0,8554; n„ 1,4461; 
mol. refr. 48,00. 

') Uebig's Annalen «7K (1894), 3)7; 3»e (1897), 131. 

") Bert. Berichte 2» (1896), 905. 

‘>) Berl. Berichte (1^), 818. 
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As angle of rotation, Kremcrs') recorded [«]„ + 8,18°. Later 
[«]„ -f 12 30' was observed for a preparation purified by means 
of its acid sulphite derivative.-) 

In the laboratory of Schimmel S Co. the following constants 
were observed in connection with products obtained on a com¬ 
mercial scale; 

B. p. 205 to 208° (ord. pressure); 72 to 73" (4,5 mm.); 
d,, 0,855 to 0,860; «„-) 10 to -fll ; n„,„. 1,444 to 1,449; 
soluble in 5 to 6 vols. of 70 p. c. alcohol. 

Citroncllal isolated from ")ava lemon olio” revealed the 
following properties: 

B. p. 205 to 208°; d,,.0,8567; «|,-3"; n„j„. 1,44791.») 

Citroncllal is an unsaturated aldehyde with one double bond. 
When reduced in alcoholic solution, that is kept slightly acid 
by the addition of acetic acid, with sodium amalgam it is con¬ 
verted into the primary alcohol citronellol, C,„H.,„0.*) Like 
citral, citronellal is very susceptible toward alkalies and acids. 
Whereas citral is broken up into acetaldehyde and methyl- 
heptenone when treated with alkali, citronellal resinifics. In 
contact with acids citral loses the elements of a molecule of 
water and yields cymenc; whereas citronellal is converted into 
an isomeric compound, the /sopulcgol ’) C,„H,sO (comp. p. 386). 
This alcohol, which is likewise isomeric with pulegol, is obtained 
upon reduction of pulegonc, and can be oxidized to the ketone 
/sopulcgone, which can be inverted to natural pulegone. 

According to Harries and Boeder,“) the semicarbazones of iso- 
pulegone melt at 173 ' (((-modification) and 183" (|f-modification). 
This ring-formation of citroncllal to /sopulcgone takes place very 
readily, so that commercial citronellal, at least when purified 
through the bisulphite compound, always contains /sopulegol.') 

') Araeric. chem. |ourn. U (18S2), 203. 

Tiemann and Schmidt, loc. cit, 

') Report of Schimmel Si Co. April 1M)!I, 23. 

') Tiemann and Schmidt, Beri. Berichte dS (1896), 906. 

Tiemann and Schmidt, Berl. Berichte 29 (1896), 913; :t0 (1897), 22. 

“) Beri. Berichte 82 (1899), 3367. 

T Tiemann, Beri. Berichte 82 (1899), 825; Labbe, Bull. Soc. chim. III. 21 
(1899), 1023. 
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The change to /sopulegol can also be utilized for the quantitative 
determination of citronellal. For this purpose compare the chapter 
“The examination of volatile oils". 

Toward sodium acid sulphite, citronellal behaves similar to 
citral. In addition to the crystalline normal double compound 
with one molecule of NaHSO,,, in which the bisulphite has been 
added to the aldehyde group, it also yields hydrosulphonic acid 
derivatives with one or two molecules of NaHSO,,. In these 
latter compounds the sodium acid sulphite molecule is added to 
the double linkage between carbon and carbon. However, if two 
molecules are added, one mu.st necessarily add to the aldehyde 
group, there being but one double linkage between carbon and 
carbon.') It is from the first-mentioned compound only that 
citronellal can be regenerated, whereas it cannot be regenerated 
from the hydrosulphonic acid derivatives by either sodium car¬ 
bonate or alkali hydrate. With neutral sulphite, citronellal like¬ 
wise reacts with the formation of a non-dccomposable hydro¬ 
sulphonic acid derivative. However, the reaction then only 
takes place when a strong current of carbon dioxide is passed 
into the mixture or if a sufficient amount of .some other acid 
is added. This behavior of citronellal can be utilized for its sep¬ 
aration from citral, which combines with neutral sulphite without 
addition of acid. Care must be taken, however, to neutralize the 
sodium hydroxide as it is liberated. 

Another method of separation is based on the property of 
the citronellal to combine only with a concentrated solution of 
sodium sulphite and sodium bicarbonate, whereas citral also 
combines with dilute solutions.-) 

Since methylheptenone does not combine with even a con¬ 
centrated solution of sodium sulphite and sodium bicarbonate, 
this reagent also serves as a means to separate citronellal from 
any admixture of methylheptenone.*) 

As with citronellol, so with citronellal, there is a difference 
of opinion concerning the identity of the products from different 
sources. Whereas c. g. Tiemann and Schmidt, also Schimmel § Co., 


') Tiemann, Berl. Berichte 81 (1898), 3305. 
'4 Tiemann, Berl. Berichte 32 (1899), 815. 
*) Ibidem 834. 
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regarded them as identical, Barbicr and Bouveault') claimed them 
to be isomeric. They state that citronellal from citronella oil has 
a different constitution (the first formula, p. 414) from that ob¬ 
tained upon the oxidation of citronellol from rose oil (the second 
formula, p.414). To the latter they apply the name “rhodinal". They 
base their claims on the rearrangement of rhodinal to menthone, 

CH„ CH„ 

CH CH 


HX 

Cti 

HX' 

■CH, 

H.X' 

CHO 

HX' 

CO 


CH 


CH 

H,,C - 

C-CH„ 

HX 

CH-CH, 

Rhodinal. 

Menthone. 

whereas citronellal rearranges itself to /sopulegol. 
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-C-CH, 


Citronellal. /sopulegol. 


The change of rhodinal to menthone is regarded as non-proven 
by Tiemann and Schmidt.'-) According to the examinations of 

Compt. rend. IS (1896), 737; Bouveault and Gourmand, ibidem 138 
(t9(U), 1699; Bouveault, Bull. Soc. chim. III. 33 (1900), 458. 

<) Berl. Berichte Sll (1897), 38. 
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these investigators, the rhodinal semicarbazone described by 
Barbier and Bouveault is a mixture of racemic citronellal semi¬ 
carbazone and little /isopulegone semicarbazone, whereas their 
supposed menthone semicarbazone is racemic /sopulcgone semi¬ 
carbazone. When hydrolyzed with hydrochloric acid, /sopulcgone 
is regenerated which has an odor resembling that of menthone. 
It is on this that the erroneous assumption of the French scientists 
is said to be based. 

The observations made by Harries and Himmelmann,’) while 
studying the action of ozone on citronellal, seem to indicate 
that the latter is not a chemical unit but a mixture of two iso¬ 
meric aldehydes to which the two formulas, given at the 
beginning of this ehapter, may be assigned. In the commercial 
products from different .sources, the ratio of these two isomers 
varies. This assumption would seem to throw light on much 
that was previously little understood. 

When carefully oxidized with silver oxide, citronellal yields 
the corresponding oily citronellic acid,-) C,|,H„Oj. Energetic 
oxidation yields the same products obtained from citronellol, 
viz., acetone and |)-mcthyladipic acid.-') With hydroxylamine, 
citronellal yields a liquid oxime which when dehydrated, yields 
the nitrile of citronellic acid.') The phenylhydrazone is likewise 
oily. So far as present observations go, the semicarbazone ob¬ 
tained with semicarbazide is a chemical unit and hence is well 
suited for the identification of citronellal. It is obtained quanti¬ 
tatively when an alcoholic solution of the aldehyde is shaken with 
a solution of semicarbazide hydrochloride and sodium acetate. 
When recrystallized from chloroform or ligroin it is obtained in 
white lamin® which melt at 82,5".*) The racemic modification 
melts at 96", the thiosemicarbazone at 54 to 55’. 

Like citral, so citronellal yields with pyrotartaric acid and' 
it-naphthylamine a naphthocinchoninic acid,*) which can be utilized 

‘)Berl.Berictrte41 (19081,2187. 

‘) Stmmler, Berl. Berichte S4 (1891), 208 ; 28 (1893), 2256. 

•) Tiemann and Schmidt, Berl. Berichte 29 (1896), 908. 

*) Semmler, Berl. Berichte 2(1 (1893), 2255. 

*) Tiemann and Schmidt, Berl. Berichte 80 (1897), 34; Tiemann, ibidem 
81 (1898), 3307. 

*) Doebner, Berl. Berichte 27 (1894), 2025. 
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for purposes of identification. It is prepared like the correspon¬ 
ding citral derivative. The crude u-citronellyl-f-naphthocinchoninic 
acid is recrystallized from alcohol containing hydrogen chloride. 
The hydrochloride is dissolved in ammonia and the ammonium 
salt decomposed by acetic acid. The compound thus purified 
crystallizes from dilute alcohol in colorless needles that melt 
at 225 . When heated beyond its molting point, the add splits 
off carbon dioxide and is converted into citronellyl-|f-naphtho- 
quinoline, a base that crystallizes from dilute alcohol or ligroin 
in the form of needles with a silky lustre and melts at 53'. 

More rapid, however, than the identification by means of the 
naphthocinchoninic acid, is that by means of the semicarbazone 
(see above). 

Upon condensation with acetone, citroncllal yields citronellyl- 
idene acetone which yields a semicarbazidc-semicarbazone that 
molls at 167 .') Citronellylidene cyanacetic acid,-) prepared like 
the corresponding citral compound, melts at 137 to 138 and 
yields a characteristic, difficultly soluble sodium salt that can be 
utilized for the separation of citral. 


CYCLIC (AROMATIC) ALDEHYDES. 

lienzaldeliyde. 

CH 


HC 

CH 

HC 

CH 


C 

I 

CHO 

IJenzaldehyde occurs rather frequently in volatile oils. Its 
existence in these oils is due to the presence, in parts of plants, 

') Rupe and Lotz, Berl. Berichte !«1 (1903), 2796; Rupe and Schlochoff, 
ibidem 4377. 

■-) Tiemann, Berl. Berichte 32 (18W), 824. 
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of certain glucosidcs which, upon hydrolysis, yield benzaldchyde, 
hydrocyanic acid, and glucose. Such glucosides are amygdalin, 
laurocerasin, prulaurasin and sambunigrin. 

Bitter almond oil consists almost entirely, wild cherry bark 
oil and cherry laurel oil in large part of benzaldehyde. Its presence 
has also been established in the oils of Ceylon cinnamon and 
cinnamon leaf, in indigofcra oil, in the oils of Roman and French 
cassie blossoms, in ncroli oil, niaouli oil, patchouli oil, 8|c. Almost 
invariably hydrocyanic acid is present with the benzaldehyde, 
(Compare under hydrocyanic acid where the names of all plants 
yielding benzaldehyde and hydrocyanic acid upon distillation arc 
recorded.) 

As first material for the artificial preparation of benzaldehyde, 
toluene, C,|H,CH,|, from coal tar is used. This hydrocarbon is 
chlorinated to either benzylchloride, C„H,,CH..CI, or benzal- 
chloride, C„H.,CHCI.„ and the chlorides are converted into benz- 
aldehyde. 

Benzaldehyde is a colorless liquid and has the characteristic 
odor of moistened comminuted almonds. Contrasted with bitter 
almond oil containing hydrocyanic acid, it is comparatively harm¬ 
less.') It is readily soluble in the ordinary .solvents and is dissol¬ 
ved even by water in the ratio of about 1:200. It is reported to 
boil at 179". The following constants have been observed in the 
laboratory of Schimmcl IS Co.: 

B. p. 177,3 (733 mm.), 45' (5 mm.); d,.,,, 1,050 to 1,055; 
((|,+ 0 '; 0,12,1,1,544 to 1,546; soluble in 8 vols. of 50 p. c., 2,5 
to 3 vols. of 60 p. c., and 1 to 1,5 vols. of 70 p. c. alcohol. 

Of the numerous derivatives that have been prepared, par¬ 
ticularly in condensation reactions, the following may serve for 
the identification of benzaldehyde: the acid sulphite addition 
product, the semicarbazonc melting at 214” and the phcnyl- 
hydrazone melting at 156”. Atmospheric oxygen readily oxidizes 
benzaldehyde to benzoic acid which frequently crystallizes out 
when bottles are not completely filled with the aldehyde. The 
addition of 10 p. c. alcohol retards this oxidation, the addition 
of a smaller amount accelerates it.*) 

') Report of Schimmel 6 Co. October 1893, 6. 

■) Report of Schimmel S Co. April 1885, 12. 
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because of its method of preparation, artificial benzaldehyde 
almost invariably contains more or less chlorinated products, 
which impair its odor. Hence these render it unsuited for per¬ 
fumery purposes and for the production of liqueurs. However, 
by means of careful purification, artificial benzaldehyde can be 
made absolutely free from chlorine. A good product should, 
therefore, be free from chlorine and the absence of halogen should 
be ascertained by proper tests. (Compare the chapter; “The 
examination of volatile oils”.) 


Cuminic aldehyde. 

CHO 

I 

C 


HC CH 

HC /CH 

C 

I 

KCCHCH, 

Cuminic aldehyde (/wsopropyl benzaldehyde, cuminol) has 
been observed repeatedly in volatile oils. It is the principal con¬ 
stituent of oil of cumin and has also been found in the oils of 
boldo leaves, Ceylon cinnamon, myrrh, cassie blossoms. Eucalyp¬ 
tus hwmastonia, E. homiphloia, E. odorata, E. oleosa. E. populi- 
fera, and water hemlock. 

Cuminic aldehyde purified through the acid sulphite addition 
product has the following properties: 

Sp.gr. 235,5'; d,,. 0,9818; «„ + 0";>) b. p. 232' (760 mm.), 
109,5“ (13,5 mm.);’) d,,,. 0,972.») 


‘) )onm. chem. Soc. (ISQt*), 119*). 

•) Anschutz and Reitter* Die Destination unter vermindertem Dnick. 

p. 73. 

Kopp. Liebig's Annalen 14 (IS55), 3lb 



Aldehydes. 


423 


The semicarbazone of cuminic aldehyde melts at 210 to 211°, 
the phenyl hydrazone at 126 to 127', the oxime at 58 to 59". 
Upon oxidation it yields cuminic acid which melts at 115". 


Phenylacetic aldehyde. 

CH 

/ . 

HC' CH 

HCn CH 

\ 

CCH.,CHO 

Although this aldehyde has not yet been found in a volatile 
)il, it may be mentioned here since it finds application in per- 
umery on account of its hyacinth-like odor. It can be prepared 
n one of several ways. Phcnyl-i<-chloro lactic acid, phcnyl-n- 
iromo lactic acid or «-bromo styrene arc commonly used as 
darting point. 

Pure phenylacetic aldehyde is a colorlc.ss liquid of an cxccc- 
lingly intensive hyacinth-like odor. In contact with the skin it 
lolors the latter yellow. Radziszewski') enumerates the fol- 
owing constants: 

B. p. 205 to 207"; d 1,085. 

Schimmcl 8 | Co. have determined the following constants: 

B.p. abt. 75" (5 mm.); d, 5 .1,0315 to 1,0521; «„+0’: n,„„ 
,52536 to 1,53370; soluble in about 3 vols. of 70 p. c. alcohol. 

Phenylacetic aldehyde oxidizes readily to phenylacetic acid. 
Oxidized with nitric acid it yields benzoic acid. It manifests a 
Iccided tendency to polymerize, hence it is difficult to preserve 
I unchanged. It should be tested for halogen, the presence 
if which would indicate insufficient purification. (Compare 
be chapter “The examination of volatile oil-s", under benz- 
Idehyde.) 


‘) Berl. Berichtc » (1876), 372. 
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Cinnamic aldehyde. 

CH 


HC' CH 

HC CH 

CCHiCHCHO 

Cinnamic aldehyde occurs in Ceylon cinnamon oil, in cin¬ 
namon leaf oil, cinnamon root oil, Japanese cinnamon oil, oil of 
myrrh, oil of cassia and oil of patchouli. 

Artificially it is obtained by the condensation of bcnzaldehydc 
with acetic aldehyde. 

It is a yellow liquid possessing a characteristic cinnamon- 
like odor. Products made by Schimmcl 1^ Co. revealed the 
following properties. 

B. p. under atmospheric pressure abt. 252" with partial decom¬ 
position, 128 to l.'iO (20 mm.), 118 to 120 (10 mm.); d,,., 1,054 
to 1,058; «„ -(-O’; its index of refraction, nj,,,, 1,61949,') is the 
highest observed in connection with volatile oils. When cooled, 
it congeals to a solid, light yellow mass that melts at —7,5'. 
It is soluble in about 25 vols. or more of 50 p. c. alcohol, also 
in about 7 vols. of 60 p. c. alcohol and in 2 to 3 vols. of 70 p. c. 
alcohol. In petroleum ether it is practically insoluble. 

Cinnamic aldehyde reacts with both acid and neutral sul¬ 
phite. When it is to be separated by means of the bisulphite 
addition product, an excess of the bisulphite solution should be 
avoided since a second molecule will combine with the formation 
of the water-soluble C,H.,- C.;H.|(SO,,Ha) • CH(OH) • SO.,Na. Other 
derivatives that are suited to the identification of cinnamic alde¬ 
hyde arc the semicarbazone, m. p. 208", the phenylhydrazone, 
m. p. 168". Furthermore cinnamic acid, which is formed even 
by the action of atmospheric oxygen, and its oxidation products 
bcnzaldchyde and benzoic acid. 

In connection with artificial cinnamic aldehyde care should 
be taken that it be free from chlorine, since the presence of 


') Bruhl, Liebig's Annalen 23:> (1886), 18, 31. 
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chlorine is an indication of insufficient purity. For the detection 
of chlorine, also for the quantitative determination of cinnamic 
aldehyde compare the chapter “The examination of volatile oils". 


In addition to the aromatic aldehydes already mentioned, 
a number of others should be enumerated in which benzene 
hydrogen has been replaced by hydroxy or alkyloxy groups. 
Although widely distributed in the vegetable kingdom, they occur 
in small amounts only. In as much as they possess valuable 
properties as perfumes, most of them arc also prepared syn¬ 
thetically, hence there exists an extensive patent literature. 


Salicylic aldehyde. 

CH 

HC^ CH 
HC /COH 

CCHO 

Salicylic aldehyde (o-hydroxybenzaldehyde) has been found 
in the oils of Spireea (S. LUmaria, S. FUipenduh, S. digitata, 
S. lobata), in the leaves of Homalium tomentosum, in Cordia 
asperrima (?), and in the oil of Crepis loetida. 

Formerly it was obtained by the oxidation of saligcnin pre¬ 
pared from willow bark. At present it is produced according 
to the well-known synthesis of Rcimer and Ticmann') by the 
action of chloroform and aqueous alkali on phenol. 

According to Perkin,-) salicylic aldehyde boils at 197 . Its 
sp. gr. is d| 5 .1,1698. In the ordinary solvents it is readily soluble, 
and but slightly in water. The latter solution is colored a deep 
violet by ferric chloride. 

For the purpose of isolating salicylic aldehyde, its phenol 
nature (solubility in alkali) as well as its aldehyde character 


■) Berl. Berichte » (ISTb), 824. 

-’) loum. chem. Soc. (K) (1896), 1200. 
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(acid sulphite addition product) can be utilized. When reduced it 
yields saligenin, m. p. 86', when oxidized salicylic acid, m, p. 155 to 
156'. The oxime melts at 57', the phenyl hydrazone at 96°. 

Salicylic aldehyde is of special importance as the starting 
point in the manufacture of coumarin. 

Anisic aldehyde. 

CCHO 

HC CH 

HCv CH 

\ 

COCH, 

Anisic aldehyde (/unethoxy benzaldehyde), also known as 
aubepinc, results upon oxidation of anethol. Hence it is found 
in old, anethol-containing oils, such as anise oil, staranise oil and 
fennel oil. Its presence has likewise been demonstrated in the 
extract of Tahiti vanilla, and in Roman and French cassie blossom 
oils. The odor of the flowers of Cratxgiis Oxyacantha, Pyrus 
communis, Sorbus Aucu/mia, Viburnum Tinus, and Lrka 
arborea, would seem to indicate') that anisic aldehyde is contained 
in them, but as yet no chemical proof has been brought forward. 

Artificially, anisic aldehyde is prepared by the oxidation of 
anethol by means of nitric acid or chromic acid mixture, or by 
methylation of /r-hydroxy benzaldehyde. When purified by means 
of the acid sulphite addition product, anisic aldehyde is a colorless 
liquid which boils at 248' (corr.).") Its odor resembles that of 
the flowers of Crabvgus Oxyacantha. The properties of anisic 
aldehyde, as prepared on a large scale, have been determined 
by Schimmel S Co.: 

B. p. 91" (4 mm.); d,., 1,126 to 1,129; «„ I 0 ; n„,„. 1,572 to 
1,574; soluble in 7 to 8 vols. of 50 p. c. alcohol. The aldehyde 
can be characterized by means of its oxidation to anisic acid 

') Report of Schimmel S Co. October 191111, 20; Verschaffelt, Chem. 
WeekbUd liKfs, No. 25, 1; Report of Schimmel 5 Co. October IWIS, 161. 

') Perkin, loom. chem. Soc. 99 (1896), 1200. 
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(m. p. 184°) into which it passes overwhen improperly kept. Further¬ 
more, by means of its semicarbazone (m. p. 203 to 204 ), or of its 
oximes, of which one modification melts at 63’, the other at 132 . 

p-Metfioxycinnamic aldehyde. 

COCH, 

HC "CH 

HCv CH 

CCH;CHCHO 

/?-Methoxycinnamic aldehyde (/)-cumaric aldehyde methyl ether) 
has been found in esdragon oil by Daufresne.') Its constants are; 

B. p. 170 (14 mm.); d„. 1,137. The semicarbazone melts at 
222 , the oxime at 154 . 

The bisulphite addition product is not readily decomposed. 
When oxidized with potassium permanganate in acid solution, 
anisic acid results. Silver oxide oxidizes it to /Miicthoxy cinnamic 
acid (m. p. 170"). 

The aldehyde is identical with the artificial product prepared 
by Scholtz and Wiedemann.'-') 

o-Methoxycinnamic aldehyde. 

CH 

HC CH 
HC , COCH, 

CCH:CHCHO 

o-Methoxycinnamic aldehyde (o-cumaric aldehyde methyl 
ether) occurs occasionally as stearoptene in the oil of the Chinese 

') Etude de tessence d’esfragan et dc quelgues dirivds de J’estragol. 
These, Paris 1909; Compt. rend. 14i (1907), 875; Bull, des Sciences pharma- 
co!ogi(|ues, january Uhls, 11; Report of Schimmel 6 Co. April IlhW, 49. 

•) Bert. Berichtc 8G (1903), 853. 
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cinnamon cassia') and separates in solid form from the last 
fractions of cassia oil. M. p. 45 to 46 ; b. p. abt. 295'' with 
partial decomposition, 160 to 161 under 12 mm. pressure. It 
dyes the skin intensively yellow and is readily decomposible even 
away from air and light. Oxidation with permanganate converts 
it into methyl salicylic acid, m. p. 99 , which when boiled with 
liydriodic acid is converted into salicylic acid. With silver oxide 
it yields ./-mcthylcumaric acid which melts at 182 to 183'. The 
oxime melts at 125 to 126 , the phenylhydrazone at 116 to 117'. 

Vanillin. 

CCHO 

HC CH 

HC' COCH, 

COM 

Vanillin, the methyl ether of protocatechuic aldehyde, occurs 
widely distributed in the Vegetable Kingdom but mostly in very 
small amounts. Moreover, in the living plant it does not appear 
to occur .as such, but is presumably the product of fermentation 
of a glucoside. It is the characteristic constituent of vanilla 
beans. It has also been found in the flowers of Nigritella 
sunveolens, in the oil of Spirwa Ulmaria, in Peru balsam, and 
in oil of cloves. It appears to be contained in the wood substance 
of numerous plants and can frequently be recognized by means 
of its characteristic agreeable odor, especially after proper pre¬ 
liminary treatment of the material to be tested. Of plants and 
plant materials in which its presence may be assumed, the 
following may be mentioned: Siam benzoes, Asa fetida, um¬ 
belliferous opopanax, the rosin of species of larch, mate, potato 
skins, fresh linden bark, cork, bulbs of dahlia, asparagus shoots, 
crude beet sugar, and the aqueous extract of the seed of Lupinus 
albus. Traces of vanillin can also be obtained from the sulphite 
wastes of the manufacture of cellulose, also from saw-dust by 
heating it under pressure with water to 180'. 

') Bertram and Kursten, |ourn. f. prakt. Chem. II. M (1895), 316. 
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Artificially vanillin was first obtained from coniferin, a glu- 
coside found in the cambial juice of conifers.') Other methods 
have been devised since then. At present it is obtained prin¬ 
cipally by the oxidation of /soeugenol. 

Vanillin constitutes colorless, prismatic needles which arc 
readily soluble in the common organic solvents. It is also readily 
soluble in boiling water, but difficultly soluble in cold water. Both the 
aqueous and alcoholic solutions are colored blue by ferric chloride. 
Its melting point is usually recorded as 80 to 8r. Schimmcl 8( Co„ 
however, observed 82 to 84" in connection with pure preparations. 
When carefully heated it sublimes without decomposition. It boils at 
285" (in a current of carbon dioxide), or at 170" under 15 mm. pressure. 

Of crystalline derivatives the following may be mentioned; 
the methyl ether, m. p. 42 to 43"; the ethyl ether, m. p. 64 to 65 ; 
the acetyl derivative, m. p. 77"; the benzoate, m. p. 75 ; and the 
oxime, m. p. 121 to 122 . Upon oxidation its yields vanillic acid, 
m. p. 207". Its i.solation can be accomplished by means of alkali 
bisulphite, />-bromphcnylhydrazinc or m-nitrobcnzylhydrazinc. For 
the quantitative determination of vanillin compare the chapter 
“The examination of volatile oils". 

In commerce vanillin is frequently found adulterated. The 
following list of substances has thus far been found as adulter¬ 
ants, viz., acet/socugcnol, antifebrinc, benzoic acid, coumarin, 
terpin hydrate, and sugar. The melting point, its solubility in 
water, alcohol and ether, and its behavior toward acid sulphite 
are the principal criteria in testing vanillin for its purity. 

Heliotropin. 

CCHO 

HCCH 

HC' CO 
CO CH, 

Heliotropin, also known as piperonal, is the methylene ether 
of protocatechuic aldehyde. It has been observed but once in a 

•) Tiemann and Haarmann, Bert. Bcrichte t (1874), 613. 
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volatile oil and then only in minimal amount, namely in the oil 
from the flowers of Spirwa Ulmaria. The supposed occurrence 
in some varieties of vanilla bean assumed by Busse^) is still 
doubtful.-) Furthermore, it is not known whether the heliotropin¬ 
like odor of certain flowers, such as the heliotrope, is due to the 
presence of this aldehyde or not. 

As source for the artificial preparation of piperonal, piperin 
was formerly used. At present It is obtained much more cheaply 
by the oxidation of /sosafrol. 

Hcliotropin constitutes colorless, lustrous crystals that 
have a heliotrope-like odor, that melt at 35 to 36" and that 
boil at 236 . It is readily soluble in alcohol, ether and similar 
.solvents; difficultly soluble in cold water, more readily in 
boiling water. From hot water it can be obtained in crystals 
an inch long and more. In glycerin it is very sparingly 
soluble, somewhat more in paraffin oil, comparatively readily 
soluble in olive oil (about 6 p. c.). At a temperature of 10" 
it is soluble to the extent of about 5 p. c. in 70 percent, 
alcohol. 

As aldehyde, heliotropin combines with acid sulphite. Upon 
reduction piperonyl alcohol, m. p. 51', results; upon oxidation 
piperonylic acid, m. p. 227,5 to 228 . Other derivatives are its 
monobromidc, m. p. 129 , its mononitro compound, m. p. 94,5", 
the anilide, m. p. 65°, the thiosemicarbazonc, m. p. 185”, and the 
semicarbazone, m. p. 224 to 225''. 

It may be mentioned that heliotropin possesses antipyretic 
and antiseptic properties, and that it may be used as antidote 
in strychnine poisoning. 

Hcliotropin should be stored in a cool, dark place since it 
turns yellow or even brown and is decomposed when exposed to 
light.’’) 

When examined for adulterants, the melting point and solu¬ 
bility should be determined. Its behavior toward acid sulphite 
with which it reacts readily may also be ascertained. 

') Arbeiten a. d. Kaiserl. Ges.-Anit 15 (1898 to 1899), 108. 

*) Walbaum, Wallach-Festschiift Gdttingen 1909. p. 649; Report of 
Schimmel 6 Co. October 1#0», 142. 

’) Report of Schimmel U Co. April 1804, 128. 
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In this connection a heterocyclic aldehyde may be mentioned, 
namely, 


Furfural. 

HCj ,CH 

Hc; CCHO 


0 

Its presence in volatile oils is possibly due to the united 
action of heat and acid on the cell-membrane and other carbo¬ 
hydrates of the crude materials subjected to distillation in the 
presence of water.') 

In as much as this aldehyde is relatively soluble in water 
(in 11 parts at 13) it is contained mostly in the aqueous dis¬ 
tillate or in the first fraction of the oil. 

Furfurol has been found in the following oils, viz., pine 
tar oil, oil of cade, the first fraction of orris oil, clove oil,") 
oil of Ceylon cinnamon, petitgrain oil, in the oil of Apocynum 
androsivniHoUum, in the aqueous distillates from oils of 
cypress, savin, vetiver, orris. West Indian sandalwood, ambrette 
seeds, cloves, clove stems, caraway, and in the first distil¬ 
late of bay and lavender oils. As a matter of interest, it 
may here be mentioned that E. Erdmann) observed furfurol 
and furfuric alcohol in the volatile oil of the roasted coffee 
beans. 

The boiling point of the pure compound is 160,5' (742 mm.); 
its density d^. 1,1594. When oxidized it yields pyromucic 
acid, m. p. 132 to 133”. Of its derivatives the following may 
here be mentioned, viz., the phenyl hydrazone, m. p. 97 
to 98”, the semicarbazone, m. p. 197°, and the semioxamazone, 
m. p. 264”. It can be identified most conveniently by means 
of the well-known color reaction with /^toluidi^e or aniline 
hydrochloride. 


') Report of Sdiintmel Co. October lbS9, 36. 

*) Oil of cloves also contains n-methyl- and a dimethyl hirfurol. 
') Berl. Berichte S3 (1902), 1851. 
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ALICYCLIC (HYDROAROMATIC) ALDEHYDES. 

So far as occurrence in volatile oils is concerned, this group of 
aldehydes is much less important than the others alreadyconsidered. 

Phellandral. 

CHO 

I 

C 


liC 

CH 

H,X 

CH., 


CH 

I 

CH 

H,C CM, 

l■*hellandral, to which in all probability the above formula 
may be assigned, is found in small amounts in the oil of water- 
fennel. I5.p.89 (5mm.); d,, 0,9445; 36'30'; n,,,,, 1,4911.') 

When expo.sed to air, or when treated with silver oxide, phel¬ 
landral is readily oxidized to the corresponding acid which melts 
at 144 to 145 . Of its derivatives the oxime, m. p. 87 to 88 , 
the semicarbazone, m. p. 202 to 204 , and the phenylhydrazone, 

m. p. 122 to 123 , piay be mentioned. 

Aldehyde C,„H|„0 from lemongrass oil. B. p. 68 
(6 mm.); d,,. 0,9081; «„ i-0 50'; n,,,,,. 1,45641. M. p. of the 
semicarbazone 188 to 189 . 

Aldehyde C,„fi|„0 from gingergrass oil B. p. 221 
to 224" (754 mm.), 76 to 78 (5 mm.); d,,, 0,9351; «„+ 0; 

n, ,.,,. 1,47348. Upon reduction an alcohol C|„Hj^O results, the 
phenylurcthane of which melts at 100 to 101. When exposed 

') Report of Sctiimmel S Co. October lINti, 88. 
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to the air this aldehyde is oxidized to an acid in. p. 106 

to 107°, which can also be obtained from the saponification liquid 
of gingergrass oil. Derivatives; oxime, m. p. 115 to 116’, scmi- 
carbazonc, m. p. 169 to 170’, scmioxamazonc, m. p. 244 to 245 , 
phenylhydrazonc, m. p. 63', ,t-naphthocinchoninic acid, m. p. 261’. 


KETONES. 

ALIPHATIC KETONES. 

Of the aliphatic ketones only a few are found in volatile oils. 
They arc mostly methyl ketones which can be isolated by means 
of thcii' acid sulphite addition products. The lower members 
arc water-soluble and hence arc found cither in the aqueous distil¬ 
late or in the first portion of the oil which distils over. 

Acetone, CH.| CO CH,,. This ketone has been observed 
not infrequently during the distillation of volatile oils, more 
particularly of leaf oils. Presumably it is formed during the 
process of distillation, but the reaction by which it is produced 
is not known. It has been found in the Atlas cedar oil, coca 
leaf oil, clove oil and in the distillate of patchouli leaves. Together 
with hydrocyanic acid, it has been found in the distillate of 
numerous plants, thus in that of Triglochin imiritima'), Tkilic- 
liuni aquilcgifoliuin, Nandina donwsliai, PImscolus liinalus, 
P. Mungo, IJnuni usilalissinmm, /.. perenne, Heve;i brasUhnsis, 
H. Sprucenna, Jatropha angustidens, Manihot bankensis, 
M. Glaziovii, M. palinata, M. ulilissima, Passiflora alala, 
P. ewruka, P. eduHs, P. ioetida, P. hybrida, P. laurilolia, 
P. maculata, P. princeps, P. qiiadrangularis, P. suberosa, 
Tacsonia spec, and T. van Volxemiiz) 

Acetone boils at 56,5" and has the density d,, . 0,79945. As 
characteristic derivatives the />bromphenylhydrazonc, m. p. 94', 
and the oxime, m. p. 59 to 60", may be mentioned. With iodine- 
potassium iodide solution a precipitate of iodoform results. 

‘) Greshoff,Pharm.Weekbladl5(t908),1165;Chem.Zentralbl.l«»H,ll. 1446. 

T Gresholf, Arch, der Hiarm. 214 (ld(»), 665. 
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Methyl-n-amyl ketone, CH,, CO (CHj)| CHa, is con¬ 
tained in the low boiling portions of clove oil and is of importance 
so far as the characteristic odor of this oil is concerned. Its presence 
in Ceylon cinnamon oil has also been demonstrated. B. p. 151 
to 152 : d„ 0,8366. The scmicarbazone melts at 122 to 123'. 

tthyl-n-nmyl ketone, CH,, CHj CO [CH.]| CH,„ occurs 
in the first fraction of Trench lavender oil. B. p. 169,5 to 170"; 
d|;, 0,8254; n,,.,,, 1,41536; m. p. of .semicarbazone 117 to 117,5 . 
It does not react with acid sulphite. Its oxidation with chromic 
acid yields /r-capronic acid.') 

Methyl-w-heptyl ketone, CH,, CO |CHj]„ CH,„ frequent¬ 
ly con.stitutes the bulk of Algerian oil of rue. In .small amounts it is 
also found in Trench and Spanish oils of rue and in oil of cloves. 
It is a colorless oil with an agreeable odor resembling that of rue. 

Tor methyl hcptyl ketone isolated from oil of rue, the fol¬ 
lowing constants have been ascertained; 

M. p. 17 ; cong. p. —19 ; b. p. 85 to 90' (7 mm.), 95,8 
to 102 (24 mm.); d,.„ 0,83178.-) 

Cong. p. —15 ; b. p. 193 to 194 (740 mm.); d.,„ 0,821.') 

B. p. 194,5 to 195,5 ' (763 mm.); dl[ 0,8296.’) ’ 

B. p. 194 to 196 ; 80 to 82 (15 mm.).") 

It reacts but slowly with acid sulphite solution. M. p. of 
the scmicarbazone 118 to 119 ' or 119 to 120 . Oxidized with 
hypobromite it yields //-caprylic acid. 

Methyl-n-nonyl ketone, CTl,, CO [CH,,J,CTI„, has long 
been known as the principal constituent of the common oil of 
rue from Trance and Spain. In Algerian oil of rue it usually 
plays but a subordinate role as compared with methyl heptyl 
ketone. Tor its preparation the Trench oil is commonly used, 
the ketone being isolated either by freezing it out, or by means 
of the acid sulphite addition product. 

') Report of Schimmcl § Co. April llMKf, 47; October IfKKt, 44. 

-) Thoms, Berichted.deutsch.phami.Ges. 11 (1901), Id. 

”) V. Soden and Henle, Riarm. Ztg. 4tt (1901), 277. 

') Power and Lees, )oiirn. chem. Soc. SI (1902), 1588. 

’■) Houben, Berl. Berichtc (1902), 3588. 
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Mctliylnonyl ketone is a colorless liquid at room temperature 
and possesses an odor similar to that of methylheptyl ketone. Its 
constants, as determined by different investigators, are as follows; 

B.p.226“(766mm.),230,65' (corn), 122tol23''(24mm.,corr.).‘) 

M. p. I- 13,5’; cong. p. + 12 ; b. p. 223 to 224 (774 mm,), 
00 (7 nim.); d,,,, 0,82623.'-) 

B. p, 230 to 231” (740 mm.).) 

B. p. 229 to 233" (759 mm.), after regeneration from the semi- 
carbazone 231,5 to 232,5 (761 mm.); d'-",,i 0,8263.') 

Cong. p. + 13"; b. p. 228 to 230', 120" (20 mm.), 118 (18mm,); 
d„, 0,8295; d.„,.0,8263.") 

In connection with a synthetically prepared product Gorup- 
Besanez and Grimm") observed the following constants: 

M.p.-h15to 16 ; b.p.224'; d,;., 0,8295. 

The oxime melts at 46 to 47’, the .semicarbazone at 123 to 124 . 

Hypobromite oxidizes it to caprinic acid. 

Diacetyl, CH,|-CO CO CH,|. Like furfurol, this aliphatic 
diketonc, which has been observed rather frequently in volatile 
oils, presumably owes its origin to the decomposition of certain 
plant constituents during the process of distillation. Inasmuch 
as it is rather water-soluble, it also is apt to concentrate in the 
cohobated aqueous distillate or in the first fractions. At times 
it even reveals its presence by means of its yellowish-green color 
and its quinonc-like odor. In most instances, diacetyl is found 
together with methyl alcohol and furfurol. It has been ob.scrved 
in the first distillate of a pine tar oil from Finland, in the co¬ 
hobated aqueous distillate from the oils of cypress, savin, vetiver, 
orris. West Indian sandalwood, bay, and caraway. 

B. p. 87,5 to 88 ; density 0,9734 at 22 ”. Characteristic are its 
monophenylhydrazone, m. p. 133 to 134"; the oxime of the latter, 
viz. the diacetylhydrazoxime, m. p. 158", and the o.sazone, m.p. 243". 

') Carette, |ourn. de Pharm. et Ctiim. II. 10 (1899), 256. 

■') Thoms, /oc. dt 8. 

T V. Sodeit and Henie, he. dt. 

*) Power and Lees, luc. dt 

'■') Houben, loc. dt 3590. 

*) Liebig’s Annalcn IM (1871), 279. 
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Methyl heptenone. 

CH., 

C:CHCH.,CH.,COCH., 

CH, 

Of greater interest than the saturated ketones already enu¬ 
merated, is the unsaturated methyl heptenone, C^HjiO. It occurs 
as constituent of several volatile oils and has been obtained as 
decomposition product of related compounds. As companion to 
the closely related linalol, geraniol and citral, it occurs in Mexican 
lignaloc oil, citronclla oil and Icmongrass oil. It also occurs in 
lemon oil, palmarosa oil and in the oil of liarosnui pulchella. 
Apparently it owes its cxistance to the decomposition of the 
above-mentioned compounds. This decomposition can likewise 
be brought about artificially by oxidation. From the fractions 
boiling between 160 and 180 it can readily be isolated by means 
of its acid .sulphite addition product. 

As “Abbau" product it was first obtained in the dry distil¬ 
lation of cincolic acid anhydride.') It was then observed during 
the saponilication of geranic acid nitrile,-) and as oxidation 
product ol citral.') It also results from the latter when treated 
with alkalies.') Synthetically it has been obtained from amylene 
bromide and acetyl acetone,'') .also by the interaction of the iodide 
of acetopropylalcohol, acetone and zinc dust.") 

It is a colorless, mobile liquid, with a penetrating odor re¬ 
minding of amyl acetate, atid is optically active. The physical 
constants as recorded do not agree any too well. For the ketone 
obtained from cincolic anhydride, Wallach records the following; 

B.p. 173 to 174 ; d,,„ 0,8530; n,,.,,, 1,44003.') 

For natural methyl heptenone Ticmann and Kriigcr de¬ 
termined; 

B. p. 170 to 171 (760 mm.); d,„ 0,8499; n„ 1,4380,') 

') Wallach, I.lcbig's Atitialen -5^ (18<H)), 323. 

*) Tiemann and Semmler, Berl. Berichte (18^3), 2721. 

•) Ihidcm 2719. 

') Verley, Bull. Soc. chim. 111. IT (1897), 175. 

■') Uarbier and Bouveault, Compt. rend. 122 (1896), 1422. 

*’) Verley, Bull. Soc. chim. 111. 17 (1897), 191. 

■) Liebig’s Annalcn 2aS (1890), 325. 

') Berl. Berichte 28 (1895), 2123. 
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For the “Abbau” product of citral Vcrley records; 

B.p. 168°,84“(56mm.): d,|.0,9IO{!); n,,,,,. 1,437.') 

For the methyl heptcnone isolated from lemongrass oil and re¬ 
generated from the acid sulphite addition product, Schimmel § Co. 
observed: 

B.p. 173’(758 mm.); d,,. 0,855; n,,.,,,. 1,43805;-) 
and lor a product obtained by boiling citral with potassium car¬ 
bonate solution: 

B.p. 173 to 174°; d,,,,0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptcnol, 
C.,H|„0.'‘) This alcohol is likewise found among the decompo¬ 
sition products ol gcraniol and the saponification products of 
geranic acid nitrile. Methyl heptcnone combines with acid sul¬ 
phites to crystalline addition products, with hydroxylamine and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazidc to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenone breaks down into acetone and lajvulinic acid, C,,FI.,Oa') 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into dihydro-m-xylenc, QH,.,.'’) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacctate. For its identification it is con¬ 
verted into the scmicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Ticmann and Kriiger.")*' According to these 
investigators, a solution of 12 g. of semicarbazidc hydrochloride 
and 15 g, sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad¬ 
dition of water the semicarbazone separates as oil which soon 

') Vcrley, loc.cil. 176. 

1 Report of Schimmel S Co. April 1S99, 65. 

•) Wallach, Liebig's Annalen 275 (1843), 171, 

') Tiemann and Semraler, Deri. Berichte 2S (1845), 2128. 

•') Wallach, Liebig’s Annalen ffiS (1840), 326. 

“) Bert. Berichte 2S (1845), 2124. 
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congeals to a crystals which, when rccrystallized from dilute 
alcohol, melt at 136 to 138 . 

A compound well suited for identification is obtained when 
methyl heptenone is treated with hroniine in the presence of 
soda lye.') Hypohromoiis acid is added and bromine simul¬ 
taneously substituted with the formation of the well crystallized 
derivative QH|jlir,|O OH. For its preparation 3 g of ketone 
are shaken with a -solution of 3 g of .sodium hydroxide and 12 g 
of bromine in 100 to 120 cc. of water. The reaction product 
separates as a heavy oil which soon congeals. It is taken up 
with ether, the ethereal solution shaken out with dilute soda 
solution. The residue left upon the evaporation of the ether is 
rccrystallized from ligroin to which some animal charcoal has 
been added. The melting point of tbc pure, white crystals lies 
between 98 and 99 . Upon keeping tbey gradually decompose. 

A method for the identification of methyl heptenone in the 
presence of citronellal and citral has been worked out by Tiemann.-) 
It is based on the fact that methyl heptenone docs not react with 
either a dilute or a concentrated .solution of sodium sulphite and 
sodium acid carbonate, whereas the two aldehydes can be suc¬ 
cessively removed by shaking the oily mixture with the respec¬ 
tive solutions of these salts. 

AROMATIC KETONES. 

As constituents of volatile oils, these ketones play but a 
minor role. The following may here be mentioned. 

o-Hydroxyacttoplienone, CH,,- CO • C„H,• OH, and pos¬ 
sibly its methyl ether, are contained in the oil of Chionc glahnt. 
B. p. 160 to 165" (34 mm.). With ferric chloride it produces a 
deep red color, with bromine water a yellow crystalline preci¬ 
pitate. The oxime melts at 112, the phenylliydrazone at 108 . 
When fused with potassa, salicylic acid (m. p. 155") results. 

Anise ketone (/J-mcthoxyphenylacetone), CHj-CO-CH, 
•C,|H, OCH,| possibly occurs in Russian anise oil and in bitter 
fennel oil. B. p. 263"; d,,. 1,095. The oxime melts at 72". 

') Tiemann and Semmler, BcrI. Berichte 2<i (1893), 2723. 

•■) BcrI. Berichte »S (1899), 823. 
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For the “Abbau” product of citral Vcrley records; 

B.p. 168°,84“(56mm.): d,|.0,9IO{!); n,,,,,. 1,437.') 

For the methyl heptcnone isolated from lemongrass oil and re¬ 
generated from the acid sulphite addition product, Schimmel § Co. 
observed: 

B.p. 173’(758 mm.); d,,. 0,855; n,,.,,,. 1,43805;-) 
and lor a product obtained by boiling citral with potassium car¬ 
bonate solution: 

B.p. 173 to 174°; d,,,,0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptcnol, 
C.,H|„0.'‘) This alcohol is likewise found among the decompo¬ 
sition products ol gcraniol and the saponification products of 
geranic acid nitrile. Methyl heptcnone combines with acid sul¬ 
phites to crystalline addition products, with hydroxylamine and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazidc to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenone breaks down into acetone and lajvulinic acid, C,,FI.,Oa') 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into dihydro-m-xylenc, QH,.,.'’) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacctate. For its identification it is con¬ 
verted into the scmicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Ticmann and Kriiger.")*' According to these 
investigators, a solution of 12 g. of semicarbazidc hydrochloride 
and 15 g, sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad¬ 
dition of water the semicarbazone separates as oil which soon 

') Vcrley, loc.cil. 176. 

1 Report of Schimmel S Co. April 1S99, 65. 

•) Wallach, Liebig's Annalen 275 (1843), 171, 

') Tiemann and Semraler, Deri. Berichte 2S (1845), 2128. 

•') Wallach, Liebig’s Annalen ffiS (1840), 326. 

“) Bert. Berichte 2S (1845), 2124. 
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pictcd, those oily compounds that have not united with the sul¬ 
phite are shaken out repeatedly with ether and removed. The 
carvone is then set free with soda lye and distilled with steam. 
This method may also be utilized for the quantitative determi¬ 
nation of carvone. (See the chapter in “The examination of 
volatile oils”.) 

Artificially, carvone and its derivatives have been obtained 
in a variety of ways. However, a detailed account of the relation¬ 
ship between carvone, pinene, limonene, pinol, and terpineol would 
lead too far. 

Carvone is a colorless liquid possessing a decided odor of 
caraway. At a low temperature it congeals.') In the laboratory 
of Schimniel £j Co. the following properties have been determined: 

For (/-carvone prepared from caraway oil by means of the 
sulphite addition product: 

li.p. 230 (755 mm.), 01 (5 to 6mm.); d,., 0,9645; «„ 1-59'57'; 
n„„„. 1,49952. 

For /-carvone prepared from spearmint oil by means of the 
sulphite addition product: 

H.p.230to23l (763mm.); d,„, 0,9652; ((,,-59 40'; n„.,„ 1,4988; 
soluble in 17 vols. of 50 p. c. alcohol and in 4 vols. of 60 p. c. 
alcohol. 

Commercial preparations, own manufacture, varied as follows: 

d,, 0,963 to 0,966; ((,, + 57" 30' to +60"; n,„„„ 1,497 to 1,500; 
soluble in 16 to 20 vols. of 50 p. c. alcohol, in 4 vols. of 60 p. c. 
alcohol, and in 1,5 to 2 vols. of 70 p. c. alcohol. 

Carvone is an unsaturated ketone which combines with 
hydrogen chloride to form a liquid compound,-) and with hydrogen 
bromide to one melting at 32' .“) If hydrogen bromide be split 
off from the latter, an isomeric ketone Cj„H,,0, eucarvone 
results.') The bromine substitution products obtained by the 
action of bromine on hydrobromcarvone, viz., the tribromide, 

') Wallach, Liebig’s Annaien (1889), 129, footnote. 

9 Col(Lschmidt and Kisser, Berl. Berichte 20 (1887), 487, 2071. 

“) Ibidem 2071; Baeyer, Beri. Berichte 27 (1894), 811. 

') B.ieyer, Berl. Berichte 27 (1894), 811; Wallach, Liebig’s Annaien 805 
(1899), 234; StKl (1905), 94. 
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For the “Abbau” product of citral Vcrley records; 

B.p. 168°,84“(56mm.): d,|.0,9IO{!); n,,,,,. 1,437.') 

For the methyl heptcnone isolated from lemongrass oil and re¬ 
generated from the acid sulphite addition product, Schimmel § Co. 
observed: 

B.p. 173’(758 mm.); d,,. 0,855; n,,.,,,. 1,43805;-) 
and lor a product obtained by boiling citral with potassium car¬ 
bonate solution: 

B.p. 173 to 174°; d,,,,0,8656. 

When reduced in alcoholic solution with sodium, methyl 
heptcnone is reduced to the secondary alcohol methyl heptcnol, 
C.,H|„0.'‘) This alcohol is likewise found among the decompo¬ 
sition products ol gcraniol and the saponification products of 
geranic acid nitrile. Methyl heptcnone combines with acid sul¬ 
phites to crystalline addition products, with hydroxylamine and 
phenylhydrazine to liquid condensation products, and with semi- 
carbazidc to a crystalline scmicarbazonc which can be utilized 
for the identification of the ketone. When oxidized, methyl hep- 
tenone breaks down into acetone and lajvulinic acid, C,,FI.,Oa') 
in accordance with the above formula. Dehydrating agents, such 
as zinc chloride, convert it into dihydro-m-xylenc, QH,.,.'’) 

Methyl heptcnone is readily recognized by its characteristic 
odor reminding of amylacctate. For its identification it is con¬ 
verted into the scmicarbazonc. As in the case of citral, this 
appears to be a mixture of isomers. However, a product with 
a constant melting point is obtained when prepared according 
to the directions of Ticmann and Kriiger.")*' According to these 
investigators, a solution of 12 g. of semicarbazidc hydrochloride 
and 15 g, sodium acetate in 20 cc. of water is added to a mixture 
of 12 g. methyl heptcnone and 20 cc. of glacial acetic acid, and 
the mixed solutions set aside for half an hour. Upon the ad¬ 
dition of water the semicarbazone separates as oil which soon 

') Vcrley, loc.cil. 176. 

1 Report of Schimmel S Co. April 1S99, 65. 

•) Wallach, Liebig's Annalen 275 (1843), 171, 

') Tiemann and Semraler, Deri. Berichte 2S (1845), 2128. 

•') Wallach, Liebig’s Annalen ffiS (1840), 326. 

“) Bert. Berichte 2S (1845), 2124. 
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pictcd, those oily compounds that have not united with the sul¬ 
phite are shaken out repeatedly with ether and removed. The 
carvone is then set free with soda lye and distilled with steam. 
This method may also be utilized for the quantitative determi¬ 
nation of carvone. (See the chapter in “The examination of 
volatile oils”.) 

Artificially, carvone and its derivatives have been obtained 
in a variety of ways. However, a detailed account of the relation¬ 
ship between carvone, pinene, limonene, pinol, and terpineol would 
lead too far. 

Carvone is a colorless liquid possessing a decided odor of 
caraway. At a low temperature it congeals.') In the laboratory 
of Schimniel £j Co. the following properties have been determined: 

For (/-carvone prepared from caraway oil by means of the 
sulphite addition product: 

li.p. 230 (755 mm.), 01 (5 to 6mm.); d,., 0,9645; «„ 1-59'57'; 
n„„„. 1,49952. 

For /-carvone prepared from spearmint oil by means of the 
sulphite addition product: 

H.p.230to23l (763mm.); d,„, 0,9652; ((,,-59 40'; n„.,„ 1,4988; 
soluble in 17 vols. of 50 p. c. alcohol and in 4 vols. of 60 p. c. 
alcohol. 

Commercial preparations, own manufacture, varied as follows: 

d,, 0,963 to 0,966; ((,, + 57" 30' to +60"; n,„„„ 1,497 to 1,500; 
soluble in 16 to 20 vols. of 50 p. c. alcohol, in 4 vols. of 60 p. c. 
alcohol, and in 1,5 to 2 vols. of 70 p. c. alcohol. 

Carvone is an unsaturated ketone which combines with 
hydrogen chloride to form a liquid compound,-) and with hydrogen 
bromide to one melting at 32' .“) If hydrogen bromide be split 
off from the latter, an isomeric ketone Cj„H,,0, eucarvone 
results.') The bromine substitution products obtained by the 
action of bromine on hydrobromcarvone, viz., the tribromide, 

') Wallach, Liebig’s Annaien (1889), 129, footnote. 

9 Col(Lschmidt and Kisser, Berl. Berichte 20 (1887), 487, 2071. 

“) Ibidem 2071; Baeyer, Beri. Berichte 27 (1894), 811. 

') B.ieyer, Berl. Berichte 27 (1894), 811; Wallach, Liebig’s Annaien 805 
(1899), 234; StKl (1905), 94. 
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Carvonc is characterized by its peculiar odor by means of 
wliich it can readily be recognized. If it is to be isolated 
from a volatile oil, its hydrogen sulphide addition product or 
the sodium acid sulphite addition product may be utilized for 
this purpose. (See above.) It .should be noted, however, that 
the hydrogen sulphide addition product docs not melt at 187", 
as stated by Baeycr,') but at 210 to 2ir.'0 


Rulegone. 

CH„ 

CH 

HX'" CH., 

H.,C. /CO 

C 

C 

HX CH„ 

Pulegonc, a ketone C„|Hi„0, has thus far been found in 
labiate oils only. In these it frequently occurs in large amounts, 
occasionally together with menthol and menthonc. European 
pennyroyal oil contains about 80 p. c. of this ketone. Diptam 
origanum oil likewise consists largely of pulegonc. Its presence 
in the following oils has also been determined, viz., in the oils 
of Hedcoma pulcgioidcs, Pycnanthemum laiicvolatum, Bystro- 
noPon origanilolius and Calaminlha Nepeta. In all of these 
oils it occurs in the dextrogyrate form. Its presence has further 
been ascertained in Canadian mint oil, in )apancse peppermint 
oil, and in marjoran oil. In these cases, however, references to 
the rotation are wanting. 


') Arch, der Pharm. 221 (1883), 285. 
*) Claus and Fahrion, )oum. f. prakt. 
Schimmel 5 Co. April 1N9N, 47, footnote. 


Chem. II. !t» (1884), 365; Report 


of 
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In as much as European pennyroyal oil consists chiefly of 
this ketone, pulegone can be obtained relatively pure by frac¬ 
tional distillation of this oil. In a purer state it can be separated 
from its compound with sodium acid sulphite or with neutral 
sodium sulphite. To cause the pulegone to combine with acid 
sulphite, the oil diluted with ' i its volume of alcohol is sub¬ 
jected to prolonged shaking with the aqueous sulphite solution.*) 
Its capacity to react with normal sulphite, also makes possible 
the quantitative estimation of pulegone. (Sec the chapter "The 
examination of volatile oils” under determination of ketones.) 
Furthermore, the semicarbazonc, which can be hydrolyzed with 
acids, can be used for the purification of pulegone. 

In a round-about way, pulegone has been obtained syn¬ 
thetically from citroncllal.-) Another ketone, which is not iden¬ 
tical with natural pulegone, Wallach") obtained by condensation 
of 1,3-mcthylo'c/ohcxanone with acetone, 

Pulegone is a colorlc.ss liquid which turns slightly yellow 
upon prolotiged standing. It possesses a peppermint-like, sweetish 
odor reminding of menthone. 

For pulegone purified only by means of distillation, Beckmann 
and Pleissner') found the following constants: 

li. p. 130 to 131 (60 mm.); d„„ 0,9323; [«||, |-22,89 ; 
n„ 1,47018. 

Barbier’’) records the following: 

B. p. 222 to 223 '; 3^,0,9293; 25*15'. 

For pulegone regenerated from the bisulphite addition pro¬ 
duct, Bacyer and Ncnrich") observed the following constants: 

B.p. 100 to lOr (15 mm.); [4,4 22,94''; 
and Wallach:*) 

B. p. 221 to 222 ; d 0,936; n„ 1,4846. 

') Baeyer, Berl. Berichte (IB95), 652. 

') Tiemann and Schmidt, Berl. Berichte (18%), 913; *10 (1897), 23. 

Berl. Berichte 'id (18%), 1597, 2955; Liebig's Annalen 300 (1898), 267. 

'} Liebig's Annalen itii (1891), 3, 4. 20. 

CompL rend. 114 (1892). 126. 

") Berl. Berichte 28 (1895), 653. 

•) Ibidem 1965. 
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in connection with technics! products prepared in the 
laboratory of Schimmel § Co., the following constants were 
observed: 

d,„.0,939 to 0,941; ((,,4 20 to +23”; n,„,„. 1,484 to 1,488; 
soluble in 4,5 vol. of 60 p. c. alcohol and in l’5 vol. of 70 p. c. 
alcohol. 

For a pure pulcgone regenerated from its sulpliitc compound 
the following constants were observed: 

B. p. 224" (750 mm.); 93 to 94' (8 to 9 mm.); 85 (5 mm.); 
d,, 0,9405; »„ + 20'48'; n„.,„. 1,48796. 

As an unsaturated compound pulegonc combines with bromine 
but yields a liquid dibromidc. When heated with sodium ethylate, 
this yields piilcgenic acid, C||,H,„0,,, from which a long .series of 
derivatives has been obtained .ind which has served as the 
starting-point for extensive investigations. With hydrogen chloride 
and hydrogen bromide, pulegonc yields crystalline addition 
products.') 

Pulegonc reveals the character of a ketone. When carefully 
reduced in alcoholic solution with metallic sodium, piilcgol,-) 
the corresponding alcohol is presumably fir.st formed. 
Further addition of hydrogen reduces it to the saturated /-men¬ 
thol, C,„H.„0.») 

When pulegonc is heated with anhydrous formic acid or 
with alkali or with water in an autoclave to 250 it is hydrolyzed 
yielding acetone and 1,3-methylct'c/ohexanonc, CH|.,0.') 

Pulegonc reacts with hydroxylaminc, but the oxime of the 
normal ketone is not yet known. What was formerly regarded 
as such, is /sopulcgonc oxime, since Wallaefi ’) has .shown that 
in the presence of alkali and hydroxylaminc pulegonc under¬ 
goes isomerization to (active) /sopulegone. At the same 
time the pulegonc undergoes partial hydrolysis as indicated 
above, so that the yield of oxime leaves much to be desired. 

') lieckmann and Pleissner, Liebig's Annalen itH (1891), 21; Baeyer and 
Henrich, BcrI. Berichte 2S (1895), 653. 

") Tiemann and Schmidt, Berl. Berichte '3 (1896), 914. 

") Beckmann and Pleissner, loc. cit. 30. 

<) Wallach, Liebig's 39 (1896), 338; :«» (1909), 243. 

■') Liebig’s Annalen .Sift (1909), 240. 
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Wallach') obtained the best results by observing the following 
directions: 

To a solution of 10 g. of pulegonc in 30 ccm. of absolute alcohol 
a solution of 30 g. solid potassa in 20 ccm. of water are added 
and then as rapidly as possible a solution of I g. of hydroxyl- 
amine hydrochloride in I ccm. of water. Care should be taken 
that the temperature of the reaction mixture does not exceed 75'. 
finally, the mixture is heated for 10 minutes to 85' on a water 
bath. When cooled, the mass is poured on ice and allowed to 
stand. The oxime, which usually separates in large flakes, is 
shaken out with ether, the ether recovered by distillation and the 
residue subjected to steam distillation. The oxime passes over 
with the steam and separates in the form of fine needles which 
can be collected on an asbestos filter and rcciyslallizcd from 
ether or ligroin, when they melt at 120 to 121 . By repeated 
recrystallization from methyl alcohol, Wallach succeeded in raising 
the melting point to 123 to 124 '. The oxime is lawogyratc, 
—25,833’. When hydrolyzed by heating with oxalic acid, 
the oxime yields /sopulegonc. With sulphuric acid, however, 
pulegone is regenerated, since the sulphuric acid i,somcrizes the 
/sopulegonc back to pulegonc. 

In addition to this oxime two addition reaction products of 
pulegone with hydroxylamine arc known; first, a compound 
which results from the addition of hydroxyl- 
amine to the pulegonc and which melts at 155 to 157'; and 
secondly, a dioxime or rather hydroxamino oxime, C|i,f1„|NOH 
NfhOU, which melts at 118 .") 

The scinicarbazonc which results from the action of semi- 
carbazidc on pulcgsne tncits at 167,5 to 168'.") It is difficultly 
soluble in ether. 

According to Baeycr and Hcnrich,") the identification, 
however, can be brought about more readily by means of the 

') Liebig’s Annalen JMJS (1909), 244. 

'’) Bccktiiann and PIcissner, Liebig's Annalen ^ (1S9I), 6; Wallach. 
ihidem (1909), 24tt. 

■’) Semmler, Bcrl, Berichte (1905), 146. 

') Wallach, Liebig's Annalen (1909), 246. 

'■) Berl. Berichte 2s (1895), 654; comp. Baeyer and Prentice, Berl. Berichte, 
(1896). 1078; Gage, Pharm. Review tft (1898), 413. 
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V 


characteristic bisnitrosopulegone. For its preparation a very 
small amount of hydrochloric acid is added to a solution 
of 2 ccm. of pulegonc or pulcgonc-containing oil in 2 ccm. of 
ligroin and 1 ccm. of amyl nitrite which has been cooled down 
in a good freezing mixture. After a short time the bisnilroso 
compound separates in the form of fine needles which can 
be purified by drying them on porous plates and washing 
them with petroleum ether, when they melt at 81,5 . When 
rccrystallized they decompose. Asopulcgone does not give this 
reaction. 

When oxidized with potassium permanganate, piilegone yields 
acetone and active methyladipic acid, C;H|„0| melting at 84 
to 85'. Because of thc.se results, Scmmler') has assigned to pule- 
gone the above formula which also seems to explain the hydrolysis 
of this ketone into acetone and methyl hexanone. 

hopiilcgone. 

Cll, 

Cl I 


H,,C Cll, 

H.Cv 'CO 

, / 

CH 

C 

H,C CH,, 

This ketone, which has thus far not been found in volatile 
oils, may receive brief mention at least. As described on p, 446, 
it can be prepared by way of the oxime from pulegone. It can 
also be obtained by treating pulegone hydrobromide with basic 
lead nitrate.-) Furthermore from citronellal, by converting this 


') Bert. Berichte S> (IS'Si), 35t5. 

’) Harries and Reeder, Bert. Berichte 84 (IfW), 3368. 
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into /sopulcgol (seep. 416) and the subsequent oxidation of this 
alcohol to /sopulegone.') 

Whereas the first two methods mentioned yield a single, 
active product, the change from citroncllal to /sopulegone results 
in a mixture of active and inactive ketone, the ratio of which 
varies according to the conditions of the experiment.'-) The active 
/sopulegone yields a likewise active oxime which melts at 120 to 121° 
(respectively at 123 to 124°. Sec p. 446). The inactive ketone 
yields an inactive oxime which melts, according to Wallach, 
at 1.38 to 139°.“) According to Wallach, the separation of the 
two oximes is best accomplished by repeated recrystallization 
from methyl alcohol, in which the lower-melting oxime is more 
readily soluble. However, it is difficult to free the latter en¬ 
tirely from the higher-melting oxime, hence the poorly marked 
melting points. 

The active /sopulegone yields a scmicarbazone which melts 
at 172 to 174 and which is readily soluble in ether, the inactive 
ketone a semicarba/one which melts at 182 to 183 and which 
is difficultly soluble in ether. 

I'or an 7s//pulegone obtained from (/-citronellal, Tiemann and 
Schmidt') record the following constants; 

H.p.90“(l2mm.); d,;.-, 0,9213; i 10° 15'; n„ 1,4690. 

hor an /'sopulegone obtained from pulegonc hydrohromidc, 
Harries and Itoedcr’) observed the following constants: 

li. p. 98 to 100 (13 mm.); d,„,, 0,9192; e,, 7 8'. 

For its characterization the above-mentioned derivatives can 
be used. 

') riemann ,ind Schmidt, licrl. Ileiichtc tW (1847), 22; Tiemann, ibidem 
!12 (laW), 825. 

■') Wallach, Liebifi's Annalcn StCi (1904), 253, Harries and Roeder a,s- 
sumed the c.\istence ol t»o stereoisomeric ketones, viz., «- and ../-/.s’opuleEone. 
Bert. Bericlitc !W (1844), 3362. The former is identical with the active, the 
latter with the inactive /sopulegone. 

3 Harries and Roeder as well as Semmler found 143 . Wallach (luc. cit.) 
explains this discrepancy by assuming that these investigators had an inactive 
oxime toully free from the active modification. 

') Uerl. Berichte IMl (1847), 28. 

') loc. at. 3371. 
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Dihydrocarvone. 

CH, 

I ' 

CH 


H.,C ' CO 

H,C . CH, 

CH 

I 

C 

H„C CH., 

It is only recently that this ketone has been found in caraway 
oil by the chemists of Schimmel ^ Co.') 

Artificially it is obtained by the oxidation of dihydrocarvcol 
with chromic acid in glacial acetic acid solution,’) also by 
the reduction of carvone with zinc dust and alkali or glacial 
acetic acid.’) In the latter ca.se some dihydrocarvcol always 
results. 

Dihydrocarvone combines readily with sodium acid sulphite’) 
and can be obtained in a pure state by means of this addition 
product. 

It is a liquid, the odor of which resembles that of menthone 
as well as that of carvone. Wallach (loc. cit.) records the fol¬ 
lowing properties: 

B.p.221 to 222’; d„ 0,928; n,,,,, 1,471^4. The optical ro¬ 
tation varies according to the material from which it is prepared: 
rZ-carvone yields laevogyrate dihydrocarvone, /-carvone yields 
dextrogyrate dihydrocarvone. 

Schimmel 8; Co. (loc. cit.) record the following constants for 
a dihydrocarvone isolated from caraway oil: 

B.p.22r (735,5 mm.); d„. 0,9297; «„-16 18'; n,,,,.1,47107. 

') Report of Schimmel S Co. April IlHfe, 20. 

WalUch, Liebig’s Annalen 2<6 (1893), 115. 

*) Wallach and Schrader, ibidem 45» (1894), 377. 

29 
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The following characteristic derivatives may here be men¬ 
tioned. According to Wallach') the dibromide is readily ob¬ 
tained by the addition of bromine to a solution of dihydrocarvone 
in glacial acetic acid-hydrogen bromide. The active modifications 
of the dihydrobromide melt at 69 to TO”, the racemic mixture at 
% to 97". The active oxime melts at 88 to 89°, the racemic 
mixture at 115 to 116 . The oximes deviate the plane of po¬ 
larized light in the same direction as do the corresponding 
ketones.-) The melting point of the semicarbazonc is given by 
Wallach") as 189 to 191 . Harries andRoeder') record 201 to 202° 
for a preparation washed with ether. In addition to the constants, 
the above-mentioned derivatives may be utilized for the charac¬ 
terization of dihydrocarvone. 

Menthone. 

CH., 

I ' 

CH 

/ . 

CH, 

K,Cs CO 

CH 

I 

CH 

H„C CH, 

Both optical modifications of menthone, C,|,H|,0, are found 
in nature. rf-Menthonc has been found in the oil of Barosma 
pulchellum and in American pennyroyal oil from Hedeoma 
pulegioides; /-menthone in Reunion geranium oil, buchu-leaf oil, 
peppermint oil and American pennyroyal oil. Menthone has also 
been found in European pennyroyal oil from Mentha pulegium, 

■) Wallach and Schrader, LiebiR's Annalen 2?.l (1894), 389 ; 2N6 (1895), 127. 

•) Wallach, Liebig’s Annalen 27;> (1893), 117; 27# (1894), 381. 

") fieri. Berichte 2S (1895), I9b0. 

*) Ibidem 82 (189*?), 3;i72, fcotnote. 
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in the oil of Bystmpogon origanihlius and in the oil from cassie 
blossoms (?), but the direction of rotation has not been recorded 
in these instances. 

Inasmuch as menthone does not combine with acid sulphites, 
and since it cannot be obtained pure by fractional distillation, it 
must be isolated either by means of its oxime or by means of 
its semicarbazone which arc prepared from the menthone fractions. 
It should be noted, however, that when these compounds are 
hydrolyzed, mostly with the aid of dilute sulphuric acid, the 
angle of rotation is altered. 

Pure /-menthone with normal optical activity is readily ob¬ 
tained from menthol by oxidation with the chromic acid mixture 
recommended by Beckmann.') 

Synthetically, menthone has been obtained by several methods. 

Pure menthone is a mobile, colorless liquid with a pepper¬ 
mint-like odor and a slightly cooling, bitter taste. For the ketone 
obtained by the oxidation of menthol, Beckmann') found the 
following constants; 

B.p. 207"; d.,„ 0,8960; -28,18°; n,„,,J,4525; 

and Binz') the following ones; 

d,, 0,8934; [k],,,,,-27,67°. 

According to Wallach,') menthone regenerated from its semi¬ 
carbazone (m. p. 184") possesses the following properties; 

B. p. 208"; d 0,894; n,, 1,4496. 

In the laboratory of Schimmel £( Co. the following were 
observed; 

d„.0,894 to 0,899; ((„-20"27' to -*26"I0'; n„„J,450 to 
1,451; soluble in 3vols. of 70p. c. alcohol. 

d,„,0,8971; «„-26"10'; [4,-29,17°. 

If /-menthone is treated at a low temperature with concentrated 
sulphuric acid it is changed to its dextrogyrate isomer.*) In this 

‘) Beckmann, Liebig’s Annaien iV) (1889), 325. 

“) Ihidem 327. 

“) Zeitschr. f. physik. Chem. IS (1893), 727. 

■) Bert. Berichte S8 (1895), 1963. 

') Beckmann, loc. cit. 334. 


29 * 



452 Principal constituents op voutile oils. 

manner Beckmann obtained what he regarded as (/-menthone of 
the same angle of rotation ([«]„-1-28,1°) as the /-menthone 

—28,5 ) from which he started. It was shown, however, 
that the former was not the optical antipode of the latter, but 
a mixture of /-menthone with the much more strongly active 
c/-/somenthone. A highly dextrogyrate (/-/somenthone he obtained 
in the following manner: Menthoxime was reduced, the resulting 
mcnthylaminc treated with nitrous acid and the menthol thus 
obtained oxidized. This /somenthone had a specific angle of 
rotation of +93,2°.') 

Beckmann is of the opinion that the change in the angle 
of rotation brought about by acids is due to intermediary enolising. 
This interpretation is favored by the observation made by Mannich 
and Hancu,-) namely that/-menthone ([kJ,,— 22,4°) when subjected 
to prolonged heating with acetic acid anhydride to 240° yields the 
ester of l-methyl-4-mcthocthyl cyclohcxcne-(2 or 3)-ol-3 (b. p. 98" 
at 11 mm.; Ki, + 6,65") which upon saponification yields a dextro¬ 
gyrate menthone (<(„ | 1,54" in a 20 mm. tube). 

In general, the change in the angle of rotation brought about 
by acids and alkalies is noteworthy. 

When reduced in alcoholic solution with sodium, it is con¬ 
verted into the corresponding secondary alcohol, the /-menthol, 
C|i,Hj„0. As a by-product small amounts of the slightly dextro¬ 
gyrate /somcnthol result. When indifferent solvents are used 
some menthopinacone,") m. p. 94", also is formed. 

In dilute alcoholic solution, /-menthone condenses readily 
with hydroxylaminc to /-menthoxime, m. p. 60 to 61".') The 
other modifications of menthone yield oximes that are either 
liquid or possess a Mglier melting point. 

If the oxime is treated with dehydrating agents, it is converted 
into an aliphatic nitrile, C|,H,.CN. When further modified this 
yields compounds that very much resemble the corresponding 
members of the citronellal group.*) Upon molecular rearrange- 

') Bcrl. Berichte « (1909), 847. 

>) Berl. Berichte 4t (1908), 570. 

*) Bednnann, |ourn. f. praiit. Chem. II. Tm (1897), 18, 30. 

') Beckmann, Liebig's Annalen STiU (1889), 330; Wallach, Liebig's Annalen 
S77 (1893), 157 ; 27S (1894), 304. 

■•■) Wallach, Liebig'sAnnalen27s (1894), 308; a)«(l897), 120 ; 812(1900), 171. 
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tnent, induced by sulphuric acid, /-mcnthoneoximc yields a lactam, 
the menthone isoxime, m, p. 1I9’.‘) 

Semicarbazide reacts on menthone with the formation of a 
semicarbazone that crystallizes in needles which melt at 184'.-) 
Noteworthy is also the thiosemicarbazone, m. p. 155 to 157 and 
the semioxamazonc, m. p. 177”. 

If menthone is oxidized with a solution of chromic acid in 
glacial acetic acid, there re.sults as first oxidation-produdt a 
keto acid Ci„H,sOj (keto- or hydroxymenthylic acid).") Upon 
further oxidation with cither potassium permanganate or chromic 
acid mixture, this is converted into the dibasic ,f-methyl adipic 
acid (,i-pimelic acid of Arth),') hence into the same “Abbau" 
product obtained from pulegonc and citroncllal. 

If rsoamyl nitrite and hydrochloric acid arc allowed to 
react on menthone in the cold, bisnitrosomenthone, (Ci„H|;0 
NO).,, m. p. 112,5 and the oxime of kctomenthylic acid, 
m. p. 103’, /. e. of the first oxidation product of menthone, arc 
formed.") 

If bromine (2 mol.) is allowed to act on menthone (1 mol.) 
in chloroformic solution, there results a crystalline dibromemcn- 
thone, C,„H,„Br20 (m. p. 79 to 80 ). When acted upon by 
quinoline, this looses hydrogen bromide and is converted into 
thymol.") 

These changes, as also the conversion of menthone into 
3-chlorcymcne brought about by )unger and Klages,") arc in 
harmony with the structural formula given above, which also 
expresses the relation of menthone to pulegonc. 

For the identification of menthone, the preparation of the 
semicarbazone or oxime is resorted to. For further characteri- 

*) Beckmann and Mehrlander, BcrI. Berichte ill (1887), 1508; Wallach, 
l.iebia’.s Annalen 3!8 (1804), 304. 

‘I Wallach, Bert, Berichte iN (1895), 1963; Beckmann, Liebig's Annalen 
S89 (1896), 366. 

■) Beckmann and Mehrldnder, Liebig's Annalen 389 (1896), 368. 

') Arth, Anna), de Chim. et Phys. VI. 7 (1886), 433; Beckmann and 
IVlehrllnder, loc. cit. 378; Manasse and Riipe, Berl, Berichte 37 (1894), 1818. 

") Baeyer and Manasse, BcrI. Berichte 37 (1894), 1913, 1914; see also 
Baeyer and Oehler, Berl. Berichte 39 (1896), 27. 

“) Beckmann and Eickelberg, Berl. Berichte 39 (1896), 418. 

’) Berl. Berichte 39 (1896), 315. 
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zation the ketone can be reduced to menthol and this converted 
into the benzoic ester (see menthol). For the quantitative de¬ 
termination of menthonc consult the chapter on “The examination 
of volatile oils", ketone determinations. 


Camphor. 

CH 

H.,C 

CK, C CH„ 

HX CO 

C 

CH„ 

cf-Camphor, known also as japanese or Laurus camphor in 
order to distinguish it from bornco camphor (rf-borneol), is ob¬ 
tained on a large scale together with camphor oil by the distil¬ 
lation of the wood of Cinnamowum Camphora with water vapor. 
(/-Camphor has also been found in Siam cardamom oil, American 
wormsced oil, camphor leaf oil, sassafras oil, apopin oil (?), rose¬ 
mary oil, spike oil, in the oil of Lavandula Siaxhas, Reunion 
basilicum oil, in the'*oil of BasiUcum canum, and in Dalmatian 
sage oil; /-camphor in an oil of sage (Salvia grandillora [?J), 
Artemisia Herha-alba, A. cana (?), feverfew, tansy, and Blumea 
balsamilera; /-camphor in the oil of Chrysantbemum sinense 
var. japonicum. Camphor has also been reported as being 
present in a number of other oils, however, without record as 
to the angle or direction of rotation: in the oils of Piper cam- 
phorilerum, P. angustilolium var. ossanum, cinnamon root, and 
of Seychelles cinnamon bark, It may be added that an animal, 
the Polyzonium rosalbum, probably secretes camphor.*) 


') Cook, Chem. Zentralb. 1«01, I. lOl. 
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Synthetically, camphor has been obtained by the dry distil¬ 
lation of the lead^) or calcium-) salts of homocamphoric acid 
(Haller’s hydroxycamphocarboxylic acid). However, this synthesis 
was only a partial one, since the homocamphoric acid was ob¬ 
tained from a derivative of camphor. The complete synthesis of 
camphor was later successfully accomplished by Komppa*) who 
likewise succeeded in effecting the synthesis of camphoric acid. 

Camphor can be isolated from the volatile oils containing 
it by freezing, if necessary after fractionation. It consists of a 
granular-crystalline, colorless, translucent mass with a decided 
tendency toward sublimation. It has a characteristic odor and 
is readily soluble in organic solvents. When ca.st on water, small 
pieces rotate in a very lively manner. By various observers its 
properties have been recorded as follows: 

d,^. 0,9853 (determined for /-camphor);') 

m. p. 176,3 to 176,5"; b. p. 209,1° (759 mm., mercury com¬ 
pletely within the vapor);") 

m.p. 178,4'; [«]„ I 41,44" and -42,76";") 

m. p. 175 '; b. p. 204";") 

m. p. 175"; b. p. 204’; [((ji, ' 44,22" in 20 p. c. alcoholic 
solution.’’) 

The world’s consumption of camphor is very large, for the 
manufacture of celluloid ware alone enormous quantities arc 
u.scd. It is also used extensively in the manufacture of smoke¬ 
less powder, for disinfection and for medicinal purposes. This 
great demand has given rise to its synthetic production from 
turpentine spirits on a commercial scale. In general, one of 
two methods is followed; Either pinene is converted into bornyl 

*) Haller, Contrih. a I'itade da camphre. nise. Nancy t879, p. 34; 
Bull. Soc. chim. III. 15 (t896), 324. 

'■) Brcdt and v. Rosenberg, Liebig’s Annalen 2S9 (18%), 5. 

") Berl. Berichte 36 (ITO), 4332; 41 (1608), 4470; Liebig’s Annalen 366 
(1909), 1)0; 370 (1909), 209. 

') Chautard, fahresber. d. Chem. ISOS, 555. 

") Foerster, Berl. Bericbte 1^ (1890), 2983. 

“) Haller, Compt rend. 105 (1887), 229. 

’) Landolt, Liebig’s Annaien ISO (1877), 333. 

’) Beckmann, Liebig’s Annalen 850 (1889), 353. As to the influence 
exerted by the soivent and by the degree of concentration of the solution, 
compare Landolt, /oc. cit, also Rimbach, Zeitschr. f. physik. Chem.»(1892), 701. 
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chloride by means of hydrogen chloride, which by way of cam- 
phcne and /soborneol is changed to camphor; or pinene is directly 
converted into esters of borneol or /soborneol. 

At all times camphor has aroused the interest of chemists, 
hence the literature on this subject has grown to large dimensions. 
In conformity with the object of this book, only those derivatives 
will be considered that arc suited to its identification. 

Camphor is a ketone, C,|,H|„0, but does not combine with 
acid sulphite. With hydroxylamine it yields an oxime (see below) 
from which, however, the ketone cannot be regenerated in a pure 
state for the reason that the oxime, when treated with acids, 
looses water and yields the amide and nitrile, C„H,jCN, of 
campholenic acid. 

If in ethylalcoholic solution, or better still in amylalcoholic 
solution, camphoroxime is reduced with .sodium, two isomeric 
bornylamincs result (m. p. 163" and 180° respectively).') A similar 
base melting at 159 to 160" results when camphor is heated 
with ammonium formate to 220 to 230'.'-) 

Upon reduction with hydrogen camphor is converted into 
the alcohol borneol, C|„HnO. If the addition of hydrogen takes 
place in indifferent solvents, some /soborneol results, also camphor 
pinakone, m. p. 157 to 158".") In alcoholic solution it is reduced 
e.sscntially to a mixture of borneol and /soborneol.') 

Oxidation with nitric acid yields dibasic camphoric acid, 
C|„H ,„04 (m. p. of the active compound 187", of the inactive 
modification 204 to 205’), and, if oxidized farther, tribasic cam- 
phoronic acid, C„H ,4 0„ (m. p. 139 ). From the constitution of 
the decomposition products of these acids, numerous conclusions 
as to the constitution of camphor itself have been drawn. Of 
the many formulas proposed for this ketone, that of Bredt") given 
above is alone generally recognized at present. 

Dehydrating agents act energetically on camphor. Thus the 
action of phosphoric acid anhydride yields p-cymene, of sulphuric 

') Forster, |ourn. chem. Soc. JS (1898), 388. 

5 Leuckart and Bach, Berl. Berichte 20 (1887), 104; Wallach and Griepen- 
kerl, Liebig’s Annalen 200 (1892), 347. 

“) Beckmann, Berl. Berichte 27 (1894), 2348; Liebig’s Annalen 2112 (1896), 1. 

') Beckmann, |oum. f. prakt. Chem. 11..» (1897), 35. 

') Berl. Berichte 20 (1893), 3049. 
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acid and zinc chloride yields other products as well. The action 
of iodine results in the formation of carvacrol. 

For the identification of camphor it is converted into the 
oxime. This compound discovered by Naegcli') is best prepared 
according to the method of Auwers.*) To a solution of 10 p. 
camphor in 10 to 20 times its weight of 90 p. c. alcohol, a solution 
of 7 to 10 p. of hydroxylamine hydrochloride and 12 to 17 p. of 
soda lye are added. The mixture is digested on a boiling water 
bath until the substance precipitated by water dissolves to a clear 
solution in soda lye. The oxime precipitated by water is recrystal¬ 
lized from alcohol or ligroin. It melts at 118 to 119".") The 
oxime from (/-camphor is Isevogyrate, that from /-camphor, dextro¬ 
gyrate.') f«]j, in alcoholic solution +41,3'. 

For the identification of camphor the following compounds 
may also be utilized, viz. the semicarbazone, m. p. 236 to 238°, 
the />bromphenylhydrazone, m. p. 101 ,'*) the oxymethylene 
derivative, m. p. 80 to 81", and the benzylidene derivative, the 
active modification of which melts at 95 to 96 and the inactive 
modification at 78". 

Frequently it is necessary to identify camphor mixed with 
borneol. According to Haller’s method,") the mixture is heated 
with .succinic or phthalic acid anhydride and rendered alkaline 
causing the acid ester of borneol to go into solution. From 
this alkaline solution the camphor can be extracted with ether. 
According to another method, the borneol can be converted into 
esters with high boiling point, such as the succinate or stearate, 
and the camphor distilled over with water vapor. According to 
a third method, the camphor can be converted into its oxime 
and dissolved in dilute sulphuric acid. Shaking with ether 
then removes the borneol. However, the ethereal solution should 
in turn be shaken repeatedly with dilute sulphuric acid, since 
the ether also dissolves some of the camphor oxime. 


‘) Berl. Berichte 18 (1883), 497. 

“) Ibidem 34 (1889), 605. 

') Bertram and Walbaum, )oum. f. prakt. Chem. 11. 49 (1894), 10; Bredt 
and V. Rosenberg, Liebig’s Annalen 3 h9 (1896), 6. 

^) Beckmann, Liebig’s Annalen 250 (1889), 354. 

■') Tiemann, Berl. Berichte 2H (1895), 2191. 

*) Compt. rend. lOS (1889), 1308. 
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Fenchone. 
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Fenchonc is a ketone C|,|H|,0 which closely resembles 
camphor but is liquid at ordinary temperature. In volatile oils 
both optieally active modifications occur. rf-Fenchonc has been 
found in fennel oil and in the oil of Lavandula Stnechas, whereas 
/-fenchone has been found in the oil of Arlmr vilx. For the 
fenchone found in the oil of Thuja plicata the direction of 
rotation has not been recorded. 

For its purification/) the accompanying substances found 
in fraction 190 to 195" arc removed by oxidation with cither 
concentrated nitric acid or permanganate solution. Fenchone, 
being very stable toward oxidizing agents, is effected but little. 
Having thus been purified in a fair measure, it congeals in the 
cold and can be further purified by crystallization. However, 
small amounts of camphor, resulting from the oxidation of 
borneol esters, cannot be removed in this manner. Methods 
for the separation of these two ketones are given below. 
Artificially fenchone is obtained by the oxidation of fenchyl 
alcohol. 

Pure fenchone is a water-white, somewhat oily liquid, with 
an intense, camphor-like odor and a bitter taste. As to its 
physical properties, Wallach'-) records the following data; 

M. p. -1-5 to 6"; d,,, 0,9465, 4,. 0,943; -f71,97° and 

— 66,94 resp. (in alcoholic solution);’) n,,],. 1,46306. 

') Wallach, Liebig's Annalen 2IB (1891), 130. 

*) Liebig’s Annalen aa (1891), 131; 272 (1893), 102. 

’) The lower angle of rotation is explained by a small camphor content 
of the oxime examined. Wailach, Liebig's Annalen 858 (1907), 215. 
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of iodine results in the formation of carvacrol. 

For the identification of camphor it is converted into the 
oxime. This compound discovered by Naegcli') is best prepared 
according to the method of Auwers.*) To a solution of 10 p. 
camphor in 10 to 20 times its weight of 90 p. c. alcohol, a solution 
of 7 to 10 p. of hydroxylamine hydrochloride and 12 to 17 p. of 
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lized from alcohol or ligroin. It melts at 118 to 119".") The 
oxime from (/-camphor is Isevogyrate, that from /-camphor, dextro¬ 
gyrate.') f«]j, in alcoholic solution +41,3'. 

For the identification of camphor the following compounds 
may also be utilized, viz. the semicarbazone, m. p. 236 to 238°, 
the />bromphenylhydrazone, m. p. 101 ,'*) the oxymethylene 
derivative, m. p. 80 to 81", and the benzylidene derivative, the 
active modification of which melts at 95 to 96 and the inactive 
modification at 78". 

Frequently it is necessary to identify camphor mixed with 
borneol. According to Haller’s method,") the mixture is heated 
with .succinic or phthalic acid anhydride and rendered alkaline 
causing the acid ester of borneol to go into solution. From 
this alkaline solution the camphor can be extracted with ether. 
According to another method, the borneol can be converted into 
esters with high boiling point, such as the succinate or stearate, 
and the camphor distilled over with water vapor. According to 
a third method, the camphor can be converted into its oxime 
and dissolved in dilute sulphuric acid. Shaking with ether 
then removes the borneol. However, the ethereal solution should 
in turn be shaken repeatedly with dilute sulphuric acid, since 
the ether also dissolves some of the camphor oxime. 


‘) Berl. Berichte 18 (1883), 497. 

“) Ibidem 34 (1889), 605. 

') Bertram and Walbaum, )oum. f. prakt. Chem. 11. 49 (1894), 10; Bredt 
and V. Rosenberg, Liebig’s Annalen 3 h9 (1896), 6. 

^) Beckmann, Liebig’s Annalen 250 (1889), 354. 

■') Tiemann, Berl. Berichte 2H (1895), 2191. 

*) Compt. rend. lOS (1889), 1308. 
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to 189',') also acetic and oxalic acids. Upon oxidation with 
concentrated nitric acid it also yields /socamphoronic acid and 
dimethyltricarballylic acid.'') 

In like manner as camphor yields /i-cymenc when treated 
with phosphoric acid anhydride, so fenchone yields /n-cymene. 
When acted on by concentrated sulphuric acid, fenchone yields 
4-acetyl-l,2-xylcne.'‘) 

By the action of sodium amide on fenchone, Semmler*) 
obtained a dihydrofencholenic acid amide melting at 94". 

The semicarbazonc of fenchone is formed exceedingly slowly. 
Only recently Wallach”) has pointed out a convenient method 
for its preparation. 10 g. scmicarbazide hydrochloride and 10 g. 
sodium acetate are dissolved in 20 ccm. of water. To this reagent 
a solution of 10 g. fenchone in 50 ccm. alcohol is added. The 
clear solution is set aside at room temperature for at least two 
weeks when the reaction product is distilled with steam. Alcohol 
and uncombined fenchone distil over, whereas the semicarbazonc 
congeals in part to a compact mass, in part crystallizes from 
the hot water in which it is not completely insoluble. From 
dilute alcoholic solutions it crystallizes in thick, well-defined, 
shiny rhombic prisms, one centimeter long, which melt at 182 
to 183 ”. The inactive form melts at 172 to 173”' and does not 
possess the same crystallising capacity. 

Inasmuch as the semicarbazonc of camphor is formed much 
more readily, this difference in behavior can be utilized for 
the separation of camphor from fenchone.') Another method 
of separation, proposed by Semmler,') is based on the different 
behavior of the twp ketones when boiled with sodium. Camphor 
reacts with the forthation of sodium camphor, whereas fenchone 
is said to remain unchanged. Wallach's") investigations, however, 
have revealed that fenchone also does not remain unchanged 

•) Wallach, ibidem flU (1891), 134. 

*) Gardner and Cockburn, )oum. chem. Soc. 7S (1898), 708. 

*) Marsh, )oum. chem. Soc. J.’> (1899), 1058j Wallach, Liebifi’s Annalen 
Sl» (1901), 295. 

') fieri, fierichte 38 (1906), 2578. 

') Liebig’s Annalen S5.1 (1907), 211. 

") Wallach, Liebig's Annalen 8r>8 (1907), 2l3ff. 

') fieri, fierichte 4« (1907), 4591. 

') Liebig’s Annalen 389 (1909), 65. 
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when boiled with sodium, but that ultimately’the change is as 
complete as with camphor, the reaction only progresses more 
slowly. Hence the separation of fenchone from camphor by 
means of distillation over sodium is accompanied by consider¬ 
able loss. 

Finally, the method of separation by means of aluminium 
chloride recently suggested by Leroide*) should be mentioned. 

Thujone. 

CH, 

CH 

Hc; 

HX. \ - CH., 

■ \' / 
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I 

HX-CHCH, 

Thujone, C„|H,„Oi occurs in two physically isomeric forms, 
namely as lajvogyrate «-thujonc and as dextrogyrate i<-thujonc 
(the tanacetone of Semmlcr). These two modifications are not 
optical antipodes. They can be clearly distinguished by means 
of their semicarbazones, and by treatment with alkali can be 
converted partly into each other.*) Thujone was discovered 
simultaneously by Wallach") and Semmler:^ the Imvogyrate 
thujone by Wallach in thuja oil, the dcxtrdgyrate thujone by 
Semmler in tansy oil. To the latter ketone Semmler applied the 
name tanacetone, whereas Wallach named this dextrogyrate 
modification |t-thujone. 

In addition to the oils already mentioned, n-thujone occurs 
in the leaf oil of Thuja plicata, in oil of sage, and in the oil of 

') Scientific and Industrial Bulletin of Roure-Bertrand Fils October 18011,39; 
Report of Schimmel ^ Co. April 1810, 181. 

') Wallach, Liebig’s Annalen m (1904), 249. 

•) Liebig’s Annalen 213 (1893), 99, 

*) Berl. Berichte 23 (1892), 3343. 



462 


Primcjpal constitubnts of volatile oils. 


Artemisia Barrelicri; ,i-thujone in oil of sage, in the oil of 
Artemisia Barrclieri, and particularly in oil of wormwood. From 
oils rich in thujonc, such as tansy oil and the oil of Artemisia 
Barrelicri, the ketone can readily be separated in the form of 
its bisulphite addition product, which, upon decomposition with 
soda, yields pure thujonc. For the preparation of the acid sul¬ 
phite addition product, ammonium bisulphite is used, some alcohol 
is added to the mixture, which is set aside for some time and 
is frequently shaken. 

Thujonc is a colorless liquid with a pleasant, refreshing odor. 
For the ketone regenerated from the bisulphite addition product or 
from the scmicarbazonc, Wallach found the following constants:') 

d,„. 0,9175; n„ 1,45109; d.,,, 0,916; n,, 1,4507. 

For K-thujonc regenerated from the semicarbazone by means 
of dilute sulphuric acid, Wallach-) found: 

B. p. 200 to 201 ; d0,912; -5 13'; n,„,. 1,4503. 

When phthalic acid anhydride was used for the regeneration 
an optical rotation [(t],, —10,23' was observed. For ,f-thujone, 
obtained from the scmicarbazonc, [(']„ 76,16' was observed. 

When acted upon with alkali, c-thujonc is very readily changed 
to if-thujone, a change that must not be overlooked in the attempt 
to identify a natural thujonc. 

Thujonc is a saturated ketone, nevertheless it is readily 
acted upon by permanganate. Bromine produces substitution 
products. 

As already pointed out thujonc differs in its behavior from 
camptior and fcnchpnc in the formation of an acid sulphite addition 
product. With hydroxylaminc it yields an oxime") which melts 
at 54 to 55 ’ and which corresponds to ,f-thujone, whereas the 
oxime of ((-thujone is liquid. When acted upon by phosphorus 
pentachloridc, the crystalline oxime is changed to an isoxime ') 
melting at 90 , and, when heated with dilute alcoholic sulphuric acid, 

') Berl. Berichtc 2S (I8«5). 1985. 

-) Liebia's Annalen SItli (1904), Z63. 

*) Wallach, Liebig's Annalen iii (1893), 159; Semmler, Berl. Berichte 
25 (1892), 3344. 

') Wallach, Liehig's Annalen 2S(1 (1895), 94; ;B« (1904), 270. 
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into carvacrylamine.*) With semicarbazide solution,*) a-thujone 
yields a semicarbazone that melts at 186 to 188°.*) There exists 
also an amorphous modification which melts at about 110°. From 
,t-thujone a hexagonal semicarbazone, melting at 174 to 175”, can 
be derived which changes spontaneously into a stable rhombic 
form that melts at 170 to 172". 

Upon reduction thujone is changed to thujyl alcohol, C,„H,jO, 
the corresponding secondary alcohol,*) which has already been 
described on p. 397. 

When oxidized with permanganate in the cold, thujone yields 
a saturated ketonic acid C„|H|„ 03 ,*) the d-thujaketonic acid, 
which melts at 75 to 76'. When heated or distilled in vacuo, it 
is readily changed into the isomeric, unsaturated i^l-thujaketonic 
acid, which melts at 78 to 79". When acted upon by hypo- 
broniite, the corresponding dicarboxylic acids C,H,|0, result,") 
of which the u-acid melts at 141,5, the ,/-acid at 116 to 118”. 
Upon destructive distillation, both ketonic acids yield thujaketone,*) 
C„H|„0, the odor of which resembles that of methylheptenone. 
As "Abbau" product, both ketones also yield ()-((.<-)dimethyl- 
leevulinic acid, which melts at 32”.'’) 

If thujone is heated for a long time to 280 in sealed tubes, 
it is changed into an isomeric, unsaturated ketone C,||H,||0, the 
odor of which resembles that of carvone, and which has been 
named carvotanacctone.”) judging from the reduction in the angle 
of rotation, this change appears to take place even upon prolonged 
boiling. Another isomeric, unsaturated ketone, /sothujone, results 
when thujone is moderately heated with dilute sulphuric acid.*") 

‘) Seramicr, fieri, fierichte i'l (1892), 3352. 

*) Wallach, Uebig’s Annalcn 28# (1895), 94; 38# (1904), 270. 

’) Tliis melting point applies to the perfectly pure compound only. 
Commonly 184,5 to 186" is found. 

*) Semmler, fieri, fierichte 25 (1892), 3344. 

■') Semmler, Ibidem 3347; Wallach, Liebig's Annalcn 873 (1893), III; 
fieri, fierichte 3# (1897), 423. 

") Semmler, Ibidem 3346. 

T Wallach, Liebig's Annalcn 272 (1893), 116; 275 (1893), 164. 

') Tiemann and Semmler, fieri, fierichte .80 (1897), 429 ; 81 (1898), 2311. 

**) Semmler, fieri, fierichte 27 (1889), 895. 

•«) Wallach, Liebig’s Annalcn 28# (1895), 101; 823 (1902), 334; fieri, fie¬ 
richte 28 (1895), 1959; SO (1897), 26. 
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Upon reduction, /sothujonc is converted into the saturated thuja- 
menthol. When boiled with a solution of ferric chloride, thujone 
is converted into carvacrol. 

The structural formula given above was based by Semmler*) 
on the physical and chemical properties of thujone. Somewhat 
later it was accepted by Wallach.*) 

The tribromidc is best suited for the characterization of 
thujone. According to Wallach-’) it is prepared by adding at 
once 5 ccm. of bromine to a solution of 5 g. of thujone in 
30 ccm. petroleum ether contained in large beaker. After a few 
seconds a rather violent reaction sets in accompanied by the 
evolution of hydrogen bromide. Upon evaporation of the solvent, 
the tribroinide separates gradually as a crystalline mass which is 
freed from adhering oil by washing it with cold alcohol, and which 
can be recrystallizcd from hot acetic ether. The melting point of 
the pure compound lies at 121 to 122". When acted on with methyl- 
alcoholic or ethylalcoholic potassium hydroxide solution, the phenols 
C,|,H,|Br(OH)(OCH,|) and C|„H||Br(OH)(OC.jH 5 ) respectively 
result. The former melts at 156 to 157", the latter at 144 to 145". 

For the identification of the u- and ,)'-modifications of thujone 
the semicarbazones described above arc made use of. 

hnone. 

CH CH., 

/ 

H,CC ''CH, H,CC, CH, 

R,C OC HC:HC HC CH, HjC OC HC:HCC , CH, 
C C 

H,,C CH, H,C CH, 

n-lonone. .'-lonone. 

This violet perfume of the formula C|,H,„0, the presence 
of which in nature has not yet been definitely established, was 

■) Bert. Berichte »» (1900), 275, 2454. 

") Liebig’s Annaien 1123 (1902), 371. 

>) thidem 27.5 (1893), 179; 28« (1895), 109. 
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first obtained synthetically in 1893 by Tiemann and Kruger.*) 
Since then a considerable number of patents have been issued 
for the preparation of “violet ketones" /. e., for that of ionone 
and its homologues. 

The preparation of ionone is based on the condensation of 
the olefinic aldehyde citral with acetone. In the presence of 
alkalies the olefinic ketone, the pseudoionone of the formula 
C,5H,,„0, results. In the presence of acid reagents, whether 
weak or strong, either at low or higher temperatures, this 
pseudoionone rearranges itself to the cyclic, isomeric ketone, 
the ionone. 


CH, 

, C: CH • CH. ■ CH, ■ C: CH • CHO + CHXOCH, - H»0 + 
CH,' ■ ■ I 

Citral. CH, Acetone. 

CH, 

C:CHCH.CH,.C:CHCH:CH.COCH., Monone. 
CH, ■ ■ I 

CH, 

Pseudoionone. 


The inversion of pseudoionone to ionone may be brought 
about more particularly by concentrated sulphuric acid, phos¬ 
phoric acid, formic acid, and oxalic acid, also by dilute mineral 
acids and solutions of acid alkali sulphates, even by neutral salts 
such as sodium acetate and magnesium sulphate in an autoclave. 
In the case of the concentrated acids, the action .should be restricted 
to a lower temperature, also to a shorter time. In the case of 
dilute acids and other substances, prolongecl heating is required. 
In all of these reactions a mixture of two isomers, the «- and 
,f-ionone, is formed. 

If in place of acetone its homologues be employed, the 
corresponding homologues of pseudoionone arc formed, which 
can be inverted into the isomeric ionone derivatives as stated 
above. 

Reduced pseudoionones and homologues thereof are obtained 
by the condensation of citroncllal with acetone and its homologues. 
These in turn can be isomerised to the corresponding ionones 


') Berl. Berichte (1893), 3691. 
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and homologucs by means of acids. Acetyl pseudoionones and 
acetyl ionones have also been prepared. As the most important 
representative of the cyclocitral series, ionone is of considerable 
scientific interest 

PSF.UDOIONONE. Although this ketone does not react im¬ 
mediately with sodium acid sulphite solution at ordinary tem¬ 
perature, it docs combine with it upon prolonged heating to a 
hydrosulphonic acid derivative which is soluble.') This compound 
can be utilized for the preparation of pure pseudoionone. The 
solution is first shaken repeatedly with ether or other immiscible 
solvent for the purpose of removing aldehyde resins or other 
impurities. The ketone is then regenerated with the aid of alkali 
at ordinary or lower temperature. 

Pseudoionone is a light yellow, strongly refractive, somewhat 
viscid oil, the odor of which is little characteristic. Its con¬ 
stants arc: 

U. p. 143 to 145 (12 mm.); d,,„. 0,8980; n„ 1,53346. 

Of characteristic derivatives the /i-bromphcnylhydrazone, 
melting at 102 to 104 , may be mentioned. 

lONOME. As already pointed out, the production of ionone 
results invariably in the formation of a mixture of two i.so- 
mers. It concentrated sulphuric acid be used, or if dilute 
sulphuric acid be allowed to react for a longer period -), the 
resulting mixture consi.sts largely of ,f-ionone. If, however, the 
inversion be brought about by concentrated phosphoric or for¬ 
mic acids, K-iononQ results almost exclusively. Toward acid 
sulphite solution ionone behaves like pseudoionone. The resul¬ 
ting hydrosulphonic acid can be well utilized for the purification 
of ionone. 

f-'reshly distilled ionone is a colorless oil with a decided odor 
of cedarwood. It is only in dilute solution, e. g. in alcohol, that 
its odor of violets, reminding at the same time somewhat of 
grape blossoms, becomes apparent. Noteworthy is also the 
property of ionone to benumb the sense of smell. 

') Tiemann, Bcrl. Berichte SI (1898), 842. 

■') Tieinann, Bcrl. Berichte SI (1898), 868, 870. 
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Even the ionones purified through the hydrosulphonic addition 
products vary more or less in their «- and ,t-ionone content 
according to the reagents employed in their isomerization. Hence 
their physical constants vary appreciably. For a pure ionone, 
consisting however of a mixture of the two isomers, Ticmann') 
records the following constants; 

B. p. 126 to 128'’ (10 mm.); d„. 0,9351; n„ 1,507; 

whereas Schimmcl § Co. observed the following on their own 
products: 

B. p. 104 to 109" (4 to 5 mm.); d„, 0,9350 to 0,9403; d.„. 
0,9335; nj„„. 1,50335 to 1,50510; soluble in 2,5 to 3,0 vols, 
of 70 percent, alcohol. 

As to odor, the differences between «- and jt-ionone are but 
slight, yet nevertheless recognizable by the expert. That of n- 
ionone is fresher and more fragrant than that of its isomer, which 
is rather strong and reminds more of the odor of the leaves of 
the violet. Hence the former is preferred. 

To k-Ionone Tiemann“) assigns the following properties: 

B.p. 123 to 124' (II mm.); d,„,0,932; n„ 1,4980. 

Chuit*) found: 

B.p. 127,6" (12 mm.); d,..0,9338; n,,,,., 1,50001. 

The /o-bromphenylhydrazone, which is bc.st suited for the 
characterization of «-ionone, melts at 142 to 143". It is prepared 
in glacial acetic acid solution and recrystallized from dilute methyl 
alcohol or ligroin. The .semicarbazonc njelts at 107 to 108 ', 
respectively at 137 to 138", the thiosemicarbazone at 121', the 
oxime at 89 to 90'. 

For pure ,t-IONONE Tiemann*) determined the following 
constants: 

B. p. 127 to 128,5" (10 mm.); d„. 0,946; n„„., 1,521; 


■) Berl. Berichte SI (1898), 851. 

*) Bert. Berichte St (1898), 876. 

») Rev. g6i. de Chim. «(1903)^ 432; Chem. Zentralbl. 19(«, I. 280. 
*) Berl. Berichte 31 (1898), 871, 879. 
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Chuit’) the following: B. p. 134,6° (12 mm.); d^. 0,9488; 
ni,,;.,, 1,52008. 

j#-lonone can best be identified by means of its semicarbazone *) 
which melts at 148 to 149°. Its ^bromphcnylhydrazonc melts 
at 116 to 118°, its thiosemicarbazone at 158°, its hydrazone at 
104 to 105°. The oxime is liquid. 

Concentrated sulphuric acid inverts u-ionone to ,t-ionone. 
Inversely, |t-ionone can be ehanged, though more difficultly, to 
n-ionone by means of alcoholic potassa. 

The physical constants of commercial iononc do not afford 
a definite clue as to its purity. In order to test such a preparation 
as to its purity, the by-products that result during its manufacture 
should be removed. 

For this purpose the oil to be examined is boiled for 10 
to 15 hours with thrice its weight of sodium acid sulphite 
solution in which the free sulphurous acid has been neutrali¬ 
zed with dilute soda solution. The duration is dependent on 
the reaction of the iononc with the bisulphite. According 
to Schimmcl ^ Co., the addition of alcohol suggested by 
Schmidt,") is not necessary. In order to remove those sub¬ 
stances that have not combined with the acid sulphite, the 
solution after having been diluted with water is extracted 
four times with ether. If the ionone is comparatively pure, 
the addition of water will cause but a slight turbidity, if im¬ 
pure the separation of an oil. Should the separated portion 
smell of iononc, a second treatment with acid sulphite is ncces- 
s.iry. The difference between the amount originally used and 
the amount extractefi is computed as ionone. Some idea as 
to the relative proportions of «- and ,t-ionone present can be 
obtained from the physical constants of the mixed ionones 
separated from the acid sulphite addition product by means 
of lye, also by means of the semicarbazone and />bromphenyl- 
hydrazone. 


') Lov. cit, 

") For the purification and separation of the ionone semicarbazones 
compare Tiemann, Berl. Berichte SI (1898), 875, 1736. 

- ’) Zeitschr. f. angew. Chem. 13 (1900), 189. 
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Irone. 

CH, 


H,COCHC:HCHCl 


CH 

CH 


H.C CH, 

Irone, C,8H,,„0, has thus far been found only in orris oil, 
the German “Veilchenwurzelol” (from Iris Horentina, I pallida, 
I. german lea). Ticmann and Kriiger*) were the first tho isolate 
it from orris root and to recognize it as a cyclic ketone isomeric 
with ionone. They obtained it by extracting orris root with organic 
solvents and distilling the evaporated extract with steam. Since 
liquid orris oil is to be had in the market, irone can be obtained 
from it by fractional distillation. It collects in fraction 105 to 120° 
obtained under a pressure of 4 mm. It is purified through the 
oxime or phenylhydrazone from either of which it can be con¬ 
veniently regenerated. 

Irone is a colorless oil. Its peculiar odor,-) which reminds of 
certain species of violets, is brought out only in extreme dilution. 
For the carefully purified ketone, Tiemann and Kruger (loc. cit.) 
report the following constants: 

B. p. 144° (16 mm.); dj,,,. 0,939; «„ abt. +40°; n,„„. 1,50113. 

For a preparation isolated from the sodiam salt of the phenyl- 
hydrazine sulphonic acid derivative,®) Schimmel 8; Co. observed 
the following constants: 

B.p. Ill toll2°(2mm.); di5.0,939l; ft„+33"31'; n„,„.1,50173. 

For the characterization of irone its /^bromphenylhydrazone 
is well suited. According to Schimmel ^ Co. it melts at 174 

*) Berl. Berichte SB (1893), 2675. 

') Tiemann's observation that Irone possesses a pungent odor is not 
correct. 

’) For the technique to be observed in the preparation of this compound 
compare the expert testimony given by v. Baeyer, Berlin 1899, p. 22. 
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to 175 V) It is crystallized from methyl alcohol. According to 
Chuit'-) the thiosemicarbazone melts at 181 . The oxime, which 
melts at 121,5'’, crystallizes with difficulty. The melting point of 
70 to 80', found for amorphous semicarbazone") by Schimmel ^ Co., 
gives rise to the suspicion that this is a mixture of isomeric 
derivatives. 

When irone is acted upon by hydrogen iodide, dehydration 
and ring-formation take place and Irene, is formed, which 

hydrocarbon is isomeric with ionene. 

It is only recently that Merling and Welde*) have succeeded 
in preparing irone synthetically. This synthesis is based on the 
formation of /P-cvr/ocitral which, upon condensation with acetone, 
yields irone. /sopropylidcneacetoacetic ester is condensed with 
sodium acetoacetic ester to /sophorone carboxylic acid ester. 
From this rf-chlorcyc/ogeranioldicne carbonic acid and A'-cydo- 
geranic acid arc obtained. According to a special method''’) 
the latter is converted into .d'-rvc/ocitral. 


PHENOLS AND PHENOL ETHERS. 

The phenols and their ethers occur frequently in volatile 
oils. On account of the practical importance which many have 
acquired, they are prepared on a large scale. Thus thymol finds 
application on account of its antiseptic properties, anethol is 
used in pharmacy and in the production of liqueurs, eugenol 
and safrol are basal substances from which vanillin and helio- 
tropin are manufactured. 

The lower homologues of the series in question occur but 
rarely in volatile oils. 


') Treirhinn and Kruger mention }68 to 170'" as the melting point. 
*) Rev. gen. de Chim. « (1<)03), 433; Chem. Zentralbl. IIMW, 1. 281. 
“) Compare Berl. Berichte 3N (1895). 1755. 

') Liebig's Annalcn 8W1 (1909), 119. 

'‘) Merling, Berl. Berichte 41 (1908), 2064. 
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Thymol 

CH, 

I ' 

C 


HC 

■CH 

HC 

COH 


c 

CH 

H»C CK, 

Thymol (/isopropyl-m-crcsol), is frequently accom¬ 

panied by carvacrol. In addition to /)-cymcne and tcrpenes, it 
constitutes the larger part of ajowan oil. It occurs also in the 
oils of Ocimum viride, Monarda punctata, Satureja Thvnibra, 
Origanum floribundum, thyme, Thymus capitatus, wild thyme, 
Mosla japonica and probably also in Canadian mint oil and in 
culina oil. Occasionally it separates from the oils at ordinary 
temperature. 

As a source for thymol on a large scale, ajowan oil is 
mostly used. 

Artificially it can be prepared in a variety of ways. Of in¬ 
terest is its production from dibrommcntllone by splitting off 
hydrogen bromide by means of quinoline.') 

Thymol consists of colorless, transparent, monoclinic or 
hexagonal crystals, the odor of which reminds of thyme. They 
melt at 50,5 to 51,5° and boil at 232' (752 mm., the entire 
mercury thread in the vapor). Thymol crystals sink in water, 
hence have a density greater than 1. Liquid thymol, how¬ 
ever, floats on the surface of water. It can be cooled con¬ 
siderably below its congealing point without solidifying. In 


') Beckmann and Eickelberg, Berl. Berichte 29 (1896), 420. 
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connection with liquid thymol, Perkin’) has observed the fol¬ 
lowing densities: 

d,.0,9872; d„.0,9790; d,„.0,9757| da.0,9723: dj,.0,%24. 

As for the index of refraction (n,,,,,.) Nasini and Bernheimer*) 
record 1,51893. Schimmel 8j Co. found; 

d„. 0,9760 and n|,j„. 1,52269 (supercooled). 

Thymol is but sparingly soluble in water (1:1200) and in 
glycerin (1:1000), more so in paraffin oil (about 1; 20), readily 
in alcohol, ether, chloroform, benzene, glacial acetic acid, volatile 
and fatty oils. In distinction to carvacrol, the alcoholic solution 
is not colored by ferric chloride. However, the aqueous solution 
of thymol sulphonic acid, C,Hj(SO.|H)(CH,)(C,,H,)(OH) resulting 
upon the solution of thymol in concentrated sulphuric acid pro¬ 
duces a violet color with ferric chloride. 

As a phenol, thymol forms water soluble “salts” with the 
alkalies. Hence it can be shaken out from its ethereal solution 
by means of 5 to 10 p. c., aqueous solutions of alkali. This 
property is utilized for the quantitative estimation of thymol. 
(Comp, the chapter on "The estimation of volatile oils" under 
Phenol determinations.) 

Of thymol derivatives the following may here be mentioned: 
the phenylurethane, m. p. lOT", and the nitroso compound, m. p. 160 
to 162"''') which results from the action of nitrous acid upon thymol. 
Upon oxidation it can be converted into thymoquinone. 

Like its derivatives, thymol possesses decided disinfecting 
properties. These are, however, destroyed in the presence of 
oxidizing ferments in the presence of air.’) 

Ethers from neither thymol nor carvacrol have been found in 
volatile oils. Cuillaumin”) has prepared and described isomerides 
of thymol, but as yet it is not known whether or not these 
occur in volatile oils. 

') |ourn. chem. Soc. (1# (18%), 1183. 

‘) Gazz. chim. ital. ta (1885), 54; lahresber. d. Chem. 1885, 3U. 

’) For the method of preparation comp. Wages,Berl.Berichte82(1899), 1518. 

') Cousin and Hcrissey, )oum. dc Pharm. et Chim. VI. 26 (1907), 487. 

') ttude chimiiiiie et phamacologique des thymols synthdtiqiics dirhis 
des acides crHotiniques. Inaug. Dmert., Paris 1909; Report ol Schimmel 6 Co. 
April nwt, 136. 



Phenols and Phenol ethers, 
Carvacrol. 


473 



CH 

H,C CH, 

Carvacrol (;sopropyl-o-crcsol), CmH^O, occurs principally 
in labiate oils. Thus far its presence has been demonstrated 
in camphor oil, schinus oil, the oils of Monarda punctata{?), 
M. fistulosa, M. citriodora, Satureja hortensis, S. montana, 
Origanum vulgare, in the origanum oils from Trieste, Smyrna, 
Cyprus, and Syria, in the oils of thyme and wild thyme, and in 
the oil of Thymus capitatus (?). 

Artificially carvacrol can be obtained from its isomeride 
carvone by treating this ketone with potassa, sulphurie acid, or 
phosphoric acid; from camphor by heating it with iodine; from 
cymene sulphonic acid by fusion with potassa; also from a 
number of terpene derivatives, thus from thujone, carvenone, 
carvotanacetone, dihydrocarvone, nitrosopinene, ketoterpin, and 
terpinene erythrite. f 

Freshly distilled, carvacrol is a colorless, viscid oil which 
becomes yellowish in the course of time, and which congeals 
in the cold. Its alcoholic solution is colored green by ferric 
chloride. The following constants are recorded: 

M. p. + 0,5 to + T; b, p. 236 to 237° (corr.); d„. 0,981; 
ni,l,525.‘) 

B.p. 119° (16 mm.); d,„.0,9782; n„ 1,5228.-) 

‘) jahns, Berl. Berichte 15 (1882), 817. 

') Setnmler, Berl. Berichte S5 (1892), 3353. 
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For carvacrol from origanum oil Gildemeisfer found:*) 

M. p. +0,5'; b. p. 235,5 to 236,2' (742 mm.); d,„.0,980; 
d,,„. 0,976; n,„„, 1,52338; 
and for carvacrol prepared from carvonc; 

M. p. f 0,5'; b. p. 236 to 236,5' (742 mm,); d„ 0,983; 
d„„. 0,979; n,,,,,. 1,52295. 

In connection with products made on a large scale, Schimmel 
and Co. observed: 

d„,. about0,98; «„ ri O'; n||j„J,523to 1,524; solublein3vols. 
of 70 p. c. alcohol. 

Like thymol, carvacrol can be extracted from oils with aqueous 
alkali and determined quantitatively (see the chapter “Examination 
of volatile oils" under Phenol determination): It should be re¬ 
membered, however, that carvaerol can be completely extracted 
from its alkaline solution by shaking with ether.-) It can likewise 
be distilled from strongly alkaline solutions with steam, a property 
which, so far as phenols are concerned, is shared only by thymol.’) 

Prolonged moderate heating with caustic potassa converts 
carvaerol into /sohydroxycuminic acid, (CH.|) 2 CHC„H 3 (OH)CO,jH 
(4-mctho cthyl-phenol-2-mcthyl acid-1),') which is readily volatile 
with water vapors and which melts at 93 ’. Chromic acid mix¬ 
ture oxidizes it to thymoquinone, which crystallizes in yellow 
plates that melt at 45,5 ?) When reduced according to Sabatier 
and Sendercns a mixture of two isomeric alcohols, «- and 
,t-carvacromenthol, is obtained. The latter yields 7-tetrahydro- 
carvone upon oxidation.") 

For the identification of carvacrol, the phenylurethane,’) 
m. p. 140', and nitcoso carvacrol arc well suited. The latter is 
best prepared according to the directions of Klages.") To a 
solution of carvacrol in four times its volume of alcoholic hydro- 

■) Arch.dcrPharm. 2S! (18R5), 188. 

■') lahns, Berl. Berichte 15 (1882), 817. 

•') Klages, /Mc/em IK (1899), 1517. 

*) lacobsen, Berl. Berichte 11 (1878), 573, 1061. 

") Reychler, Bull. Soc. chim. III. 7 (1892), 34; Chem. Zentralbl. IMK, 1.380. 

*) Brunei, Compt. rend. 141 (1905), 1245; 145 (1907), 1427. 

') Goldschmidt, Berl. Berichte 28 (1893), 2086, footnote; comp, also 
Gildemeiater, Arch, der Pharm. '3SI (1895), 188. 

') Berl. Berichte 82 (1899), 1518. 
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chloric acid, saturated at O’, and kept cool with ice, a concen¬ 
trated solution of sodium nitrite is added drop by drop. Within 
a few minutes, the entire liquid congeals to a thick mass of nitroso 
compound. This is first washed with water and then recrystallized 
from dilute alcohol. It crystallizes in yellow needles that melt at 153 ’. 
The benzoyl compound of nitroso carvacrol melts at 110 . 

Chavicol. 


COH 



Chavicol (p-allylphcnol), C„H,|,0, occurs in some of the 
betel leaf oils, also in oil of bay, and possesses strongly anti¬ 
septic properties. 

It is a colorless liquid that boils at about 237 . According 
to Eykman') d,^. 1,033 and n,, 1,5441. 

bor its identification the crude phenols from betel leaf oil, 
separated by means of aqueous alkali, are fractionated. Fraction 
235 to 240' is methylated and thus converted into mcthylchavicol 
which can easily be identified. The aqueous solution of chavicol 
is colored an intensive blue by ferric chloride, the alcoholic 
.solution scarcely blue. 


Methykhavicol , 

COCHj 

• \ 

HC' ^CH 

HC ;CH 

6CH,CH:CH, 

Methylchavicol (estragol, /soanethol, p-allylanisol), C,oH|oO, 
was first found in anise bark oil, later also in staranise oil, 

') Bert. Berichte 28 (1880), 862. 
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For carvacrol from origanum oil Gildemeisfer found:*) 

M. p. +0,5'; b. p. 235,5 to 236,2' (742 mm.); d,„.0,980; 
d,,„. 0,976; n,„„, 1,52338; 
and for carvacrol prepared from carvonc; 

M. p. f 0,5'; b. p. 236 to 236,5' (742 mm,); d„ 0,983; 
d„„. 0,979; n,,,,,. 1,52295. 

In connection with products made on a large scale, Schimmel 
and Co. observed: 

d„,. about0,98; «„ ri O'; n||j„J,523to 1,524; solublein3vols. 
of 70 p. c. alcohol. 

Like thymol, carvacrol can be extracted from oils with aqueous 
alkali and determined quantitatively (see the chapter “Examination 
of volatile oils" under Phenol determination): It should be re¬ 
membered, however, that carvaerol can be completely extracted 
from its alkaline solution by shaking with ether.-) It can likewise 
be distilled from strongly alkaline solutions with steam, a property 
which, so far as phenols are concerned, is shared only by thymol.’) 

Prolonged moderate heating with caustic potassa converts 
carvaerol into /sohydroxycuminic acid, (CH.|) 2 CHC„H 3 (OH)CO,jH 
(4-mctho cthyl-phenol-2-mcthyl acid-1),') which is readily volatile 
with water vapors and which melts at 93 ’. Chromic acid mix¬ 
ture oxidizes it to thymoquinone, which crystallizes in yellow 
plates that melt at 45,5 ?) When reduced according to Sabatier 
and Sendercns a mixture of two isomeric alcohols, «- and 
,t-carvacromenthol, is obtained. The latter yields 7-tetrahydro- 
carvone upon oxidation.") 

For the identification of carvacrol, the phenylurethane,’) 
m. p. 140', and nitcoso carvacrol arc well suited. The latter is 
best prepared according to the directions of Klages.") To a 
solution of carvacrol in four times its volume of alcoholic hydro- 

■) Arch.dcrPharm. 2S! (18R5), 188. 

■') lahns, Berl. Berichte 15 (1882), 817. 

•') Klages, /Mc/em IK (1899), 1517. 

*) lacobsen, Berl. Berichte 11 (1878), 573, 1061. 

") Reychler, Bull. Soc. chim. III. 7 (1892), 34; Chem. Zentralbl. IMK, 1.380. 

*) Brunei, Compt. rend. 141 (1905), 1245; 145 (1907), 1427. 

') Goldschmidt, Berl. Berichte 28 (1893), 2086, footnote; comp, also 
Gildemeiater, Arch, der Pharm. '3SI (1895), 188. 

') Berl. Berichte 82 (1899), 1518. 
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longistylis and in kobuschi oil has likewise been demonstrated, 
It is usually obtained from anise oil, staranise oil or fennel 
oil, ether by freezing the oils themselves or the correspon¬ 
ding fractions. Synthetically it has also been obtained in 
several ways. 

Anethol constitutes a white, crystalline mass with an odor 
of anise and with an intensely sweet taste. It melts to a colorless, 
optically inactive, strongly refractive liquid. The following pro¬ 
perties have been recorded: 

M.p. 21"; d,,.0,986; n„„. 1,56149;’) d„,..0,999; n,l,5624.») 

In connection with anethol produced on a large scale, 
Schimmel 5 Co. observed the following values; 

M. p. 22,5 to 23°; congealing point 21 to 22°; b. p. 233 to 234° 
(751 mm.); djj. 0,984 to 0,986; 0525.^559 to 1,561; soluble in 
2 to 3 vols. of 90 p. c. alcohol. 

Of characteristic bromine derivatives of anethol, the anethol 
dibromide, CjH^ OCHj CjH^Brj, m. p. 67°,“) and the monobrom 
anethol dibromide, CjHjBrOCHjCjHjBr,, m. p. 107 to 108",*) may 
be mentioned. These are formed by the action of bromide on 
anethol under varying conditions. By the action of alcoholic 
potassa on anethol dibromide in the cold, anethol glycol, 
C„ HI • OCHj • C, H,(OH)j,‘) results. When acted upon with 20 p. c. 
sulphuric acid, this is converted to anise ketone. The same 
glycol is likewi.se formed by the action of mercuric acetate upon 
anethol.") Anethol nitrite, C,„HjjO NjOs, m.p. 121”, and anethol 
nitrosochloride, CmHijO NOCl, m. p. 127 to 128°, should also 
be mentioned. 

Dilute nitric acid oxidizes anethol to anisic aldehyde, chromic 
acid oxidizes it to anisic aldehyde and anisic acid, potassium per¬ 
manganate to p-methoxyphenylglyoxylic acid C,H 4 -( 0 CHJ'' C0 
■COOH"i, m.p. 89°, the oxime of which melts at 145 to 146°. 

') Stohmann, Sitzungsber. d. Akad. d. Wiss. Leipzig 1892, 318. 

*) Eykman, Berl. Berichte 23 (1890), 882. 

*) Heli and v. Gunthert, )ourn. f. prakt. Chem. II. 52 (1895), 198. 

*) Hell and Gdrttner, |oum. f. prakL Chem. II, 51 (1895), 424; Hell and 
V. Gunthert, loc. cit. 194. 

') Varenne and Godefroy, Compt rend. 140 (1905). 591. 

*) BalWano and Paolini, Berl. Berichte 85 (1902), 2997. 
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When acted upon by light and air,') anethol gradually loses 
its capacity to crystallize and finally no longer even congeals. 
At the same time it becomes viscid, acquires a yellow color and 
an unpleasant, bitter taste, both of which no larger remind of 
anise. This change is accompanied by an increase in the solu¬ 
bility and an increase in specific gravity which may rise above I. 
These phenomena are attributed to the formation of oxidation*) 
(anisic aldehyde, anisic acid) and other products. Of the latter 
de Varda") has isolated a compound named photoanethol which 
he regards as a polymer of anethol. According to Hoering and 
and Gralert,') de Varda’s interpretation is not correct, but photo- 
ancthol is regarded as identical with di-/)-mcthoxystilbene. This 
substance is characterized by its insolubility and is possibly the 
cause of the turbidity produced in freshly prepared anethol upon 
standing. 

Recrystallizcd from glacial acetic acid and benzene, di-/)-mc- 
thoxystilbene is obtained in shiny leaflets that melt at 214 to 215°, 
which show a blue fluorescence both in the solid condition 
and in solution. Probably di-/)-methoxystilbenc is not formed 
directly from anethol but from tbc intermediate anisic aldehyde. 


p-Hydroquinone ethyl ether. 

COH 


HC CH 

A -CH 

COC.H„ 

/^Hydroquinone ethyl ether (/^hydroxyphenetol), CjH,„ 02 , 
occurs in small amount in staranise oil. It can be obtained 
synthetically by boiling />diazophenetolsulphate with dilute sul- 

') According to Grimaux anethol also looses its capacity to crystallize 
upon prolonged heating. Bull. Soc. chira. III. 15 (1896), 778. 

■') Report of Schimmel S Co. October 1904, 11. 

’) Gazz. chim. iul. 31 (1891), 188; Chem. Zentralbl. 1891, I. 788. 

*) Berl. Berichte 43 (1909), 1204. 
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phuric acid,') or from hydroquinone by heating it with ethyl 
iodide and potassium hydroxide using a reflux condenser.-) 

The synthetic product consists of thin leaflets with satiny 
lustre, which are readily soluble in hot water, melt at 66° and 
boil at 246 to 247°. 


Thymohydroquinone. 

CH., 

I ' 

C 

\cOH 
'CH 
C 

CH 
H„C CH„ 

Thymohydroquinone, C„|H||0.,, has been found in the oil 
of Callilris quadrivatvis, Algerian fennel oil (?) and in the oil of 
Monarda fistulosa. Artificially it is obtained by the reduction 
of thymoquinonc with sulphurous acid.’) 

Thymohydroquinone occurs in four-sided, shiny prisms. 
According to Carstanjen’) they melt at 139,5 ', according to 
Ciamician and Silber') at 143". According to the latter authorities 
thymohydroquinone boils at 290°. It is somwhat readily soluble 
in hot water, but difficultly in cold water. When oxidized it is 
changed to thymoquinonc. 

The dimethyl ether of thymohydroquinone is the principal 
constituent of arnica root oil, also of ayapana oil. It boils at 
248 to 250°; d,,, O.OOB.’) 

') Hantzsch, |ourn. f. prakL Chem. U. SS (1880), 462. 

*) Wichelhaus, Berl. Berichte 12 (1879), 150), footnote; comp. Hesse, 
Liebig’s Annalen 200 (1880), 254. 

“) Carstanjen, |ourn. f. prakt. Oem. II. S (1871), 54. 

') Atti della Reale Accademia dei Lincei Rendiconti (5) 10, I. (1901), 96. 

•■>) Reychler, Bull. Soc. chim. 111. 7 (1892), 33. 


HC ' 
HOC 
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Allylpyrocatechin. 


COH 



The presence of allylpyrocatechin, in [avanese 

betel leaf oil was demonstrated by Schimmel S Co. ‘) Previously 
this phenol had not been known to exist in the vegetable kingdom, 
neither had it been prepared synthetically. It is one of the 
phenols extracted by means of dilute caustic soda solution from 
fraction 137 to 139' (4 mni.). Crystallized from benzene and 
petroleum ether, it is obtained in long colorless, filt-like needles 
which melt at 48 to 49 ' and boil at 139 ’ (4 mm.). The odor is 
but faint, reminding somewhat of creosote. In water and alcohol 
it Is readily soluble. The alcoholic solution is colored a deep 
green by ferric chloride. The alkaline solution of the phenol 
quickly assumes a dark red color. The dibcnzoyl compound, 
prepared according to Schotten-Baumann, melts at 71 to 72". 
The diacetyl compound is a colorless oil which boils at 229" 
(157 at 7 mm.). When methylated with dimethyl sulphate, the 
phenol is converted into methyleugenol. 

Betelphenol. 

COCH, 

/ \ 

HC'^" \COH 

HC^ KH 

\/ 

C-CH,CH;CH, 

BetelphenoP) (allylguaiacol), C,„H,jOj, has thus far been found 
only in betel oil, from which it can be isolated in the usual manner 

') Report of Schimmel S Co. October ItWi, 16. 

The name betelphenol, given to this compound by its discoverers, was 
later changed to chaviMol by others. 
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by shaking it out with caustic soda solution. It is a strongly 
refractive solution characterized by the following properties; 

B. p. 254 to 255", 131 to 133° (12 to 13 mm.); d„. 1,067.’) 

B. p. 107 to 109” (4 mm.); d„. 1,0690; n„.,„. 1,54134.-) 

In a freezing mixture it congeals to a crystalline mass which 
melts at 4 8,5°. 

For its identification the benzoyl compound, m. p. 49 to 50° 
is utilized. The acetyl compound melts at —5"; b. p. 275 to 277°. 

In alcoholic solution, bctciphenol gives an intensively blue- 
green color with ferric chloride. 


Eugenol. 


COH 


HC 



, COCH„ 


HC 


\ 

\- 

CCH.-CH;CH. 


Eugenol, C||,H|,jOj, an isomer of position to bctciphenol is 
found widely distributed, especially among the Myrtacex and 
l.aurace,v. In largest amount it is found in oil of cloves and 
oil of clove stems. It also occurs in the oils of calamus, galangal, 
Asarum arihUum, A. lilumei, japanese staranise, kobuschi, 
ylang-ylang, cananga (from yellow blossoms), nutmeg, boldo 
leaves, cinnamon leaves, cinnamon root, the bark of Cinnamo- 
mum pedatinervium, C. pedunculatum, in the oil from Seychelles 
cinnamon bark, in the oils from the leaves and stem of Cin- 
riamomum Imreirii, in the oils of camphor, culilawan, clove 
bark (?), sassafras, massoy bark, laurel leaves, apopin, Californian 
laurel, rose, Gcum urbanum, cassie buds, myrrh, cascarilla, 
canella alba, pimenta, bay, Bermuda bay berries, |apanese basi- 
licum, in the oil of a species of Basilicum from Mayotta, and 
in patchouli. 


’) Bertram and Gildemeister, )ourn. f. prakt. Chera. II. 3# (1884), 350. 
*) Report of Schimrael 5 Co. October lUOt, 17. 
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In plants, eugenol is occasionally found in the form of a 
glucosidc from which it can be obtained by means of hydrolysis 
produced by ferment action. 

it is a liquid of a slightly yellowish color, with an intensive 
odor of cloves, and a burning taste, which, besides being optically 
inactive, is further characterized by the following properties: 

a p. 252" (749,5 mm.); 123" (12 to I3mm.);‘) d„,.,. 1,072; 
n„l,5439.‘) 

In connection with eugenol prepared on a large scale, 
Schimmcl 8| Co. observed: 

d|,., I,07l3to 1,074; n,,.,,. 1,541 to 1,542; soluble in 5to6 vols. 
of 50 p. c. alcohol, in 2 to 3 vols. of 60 p. c. and in I to 2 vols. 
of 70 p. c. alcohol. 

In alcoholic solution, eugenol produces a blue color with 
ferric chloride. Upon oxidation (the best results arc obtained 
with the acetic ester), it yields vanillin and vanillic acid, together 
with small amounts of homovanillic acid. 

It is readily characterized by means of the benzoate, m. p. 69 
to 70 ', obtained with the aid of benzoyl chloride; also by the 
phenylurethane, m. p. 95,5'V') and its diphenylurcthane, m. p. 107 
to 108'.*) Of its bromides, the dibromide, Ci^HjjBr^Oj, m. p. 80", 
and the tetrabromide, m. p. 118 to 119", should be mentioned. 
For the quantitative determination of eugenol see the chapter 
on the “Estimation of volatile oils”. 

Eugenol is used in perfumery as well as in pharmacy. By 
far the largest amounts, however, are used in the manufacture 
of vanillin. 


Aceteugenol. 

In addition to eugenol, oil of cloves, but not oil of clove 
stems, contains some aceteugenol, CHjCOOCjHj CjHj-OCH,. 
This compound can be freed from eugenol by treating it with 

‘) Erdmann, lourn. f. prakt Chem. II. 58 (1887), 146. 

*) Eykman, Bert. Berichte 28 (1890), 262. 

*) Snape, Bert. Berichte IS (1885), 2432. 

') Herzog. Bert. Berichte 40 (1907), 1834. 
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dilute alkali in the cold and can be prepared readily by boiling 
eugenol with acetic acid anhydride. The following constants 
have been found: 

Erdmann:') m. p.29°; b. p.281 to282° (752mm.); 145to 146" 
(8,5 mm.); 8 , 5 .1,0842 (supercooled). 

Schimmel § Co.:-) M. p. 29°; b. p. 142 to 143° (6 mm.); 
d,,,1,087; n„,„.1,52069. 

Acethomovanillic acid, acetvanillic acid and acetvanillin result 
upon oxidation with potassium permanganate. 

Methyleugenol. 

COCH, 

/' 

ncf fCOCH, 

■ } 

HC', ;CH 

\/ 

CCH.,CH:CH., 

Eugenol is frequently accompanied by its methyl ether, the 
methyleugenol (allyivcralrol), It occurs in citronclla 

oil, Japanese calamus oil, matico oil (?), betel oil, Canada snake- 
root oil, in the oils of Asarum europ,viim (?), champaca flowers (?), 
paracoto bark, in the oil from the bark of C'mnamomum peda- 
tinervium, in culilawan oil, laurel oil, in California laurel oil, in 
the oil of cassie buds, and in the oils of Evodia simplex, bay, 
and pimenta. 

Its odor reminds of that of eugenol, bi{t is fainter. It boils 
at 248 to 249° (128 to 129° at 11 mm.);’) d,i. 1,041; and 
n„ 1,5373.'') 

In the laboratory of Schimmel 8 ( Co., the following constants 
were observed in connection with technical products: 

d„.l,04 to 1,043; n„. 1,534 to 1,540; soluble in 4 vols. of 
60 p. c. and in 1 to 2 vols. of 70 p. c. alcohol. 

’) )oum. t. prakt. Chem. II. 58 (1847), 147. 

*) Report of Schimmel 6 Co. Oct. 1903, 30, footnote. 

*) Bertram and Gildemeister, journ. f. prakt. Chem. 11. 39 (1889), 354. 

') Eykman, Berl. Berichte 23 (1890), 862. 


31 * 
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When boiled with alcoholic potassa, methyl/socugenol results. 
Bromine is added with the formation of the handsome crystalline 
tribrommethylcugenol, C„H 2 Br (OCHj 2 CsHBBrj, which melts 
at IS”.') Upon oxidation with potassium permanganate it is 
converted into dimethoxybenzoic acid (veratric acid) which melts 
at 179 to ISO".’) This same acid is likewise obtained upon 
the oxidation of methyl/soeugcnol. Both compounds, as also 
the mcthyleugenol nitrite,") m. p. 125 , can be utilized for the 
identification of methyleugenol. 

hoeugenol 

COM 

/"\ 

MG'" COCK, 

HC\ 'CH 

CCHiCHCH,, 

When eugenol in heated with an excess of solid potassa,') 
or in amyl alcoholic solution,") or when eugenol potassium is 
heated to about 200 '') with exclusion of air, it is converted into 
the isomeric rsocugenol. This is also found in ylang-ylang oil 
and in oil of nutmeg. The following constants have been recorded: 

B. p. 261° (not corr.);^ d,j. 1,09; n,, 1,5680;'’) 

B,p. Ill to 112' (3,5mm.); d,,,. 1,087 to 1,091; n„,„. 1,570 
to 1,576; soluble in 5 to 6 vols. of 50 p. c. alcohol.®) 

In a freezing mixture eugenol congeals to a mass of radiating 
needles which liquify at room temperature.'") 

') Wassermann, |ahresber. d. Chem. 1S79,520; Bertram and Gildemeister, 
loiim. f. prakt. Chem. It. 39 tl889), 354. 

'5 Comp, also Watlach and Rheindorff, Liebig's Annalen '271 (1892), 306. 

’) Watlach, Liebig’s Annalen 27) (1892), 307. 

') Einhorn and Frey, Berl. Berichte 27 (1894), 2435. 

*) Tiemann, Berl. Berichte 24 (1891), 2870. 

I D. R. P. 179948. 

’) Tiemann, BerL Berichte 24 (1891), 2872. 

‘) Eykraan, Berl. Berichte 28 (1890), 862. 

'5 Observations made in the Laboratory of Schimmel 6 Co. 

">) Tiemann, Berl. Berichte ’24 (1891), 2872. 
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Upon oxidation it yields vanillin, in the. manufacture of which 
it is largely used. 

For its identification the following compounds may be 
employed; monobrom/soeugcnol dibromide, m. p. 138 to 139"’; 
the acetyl derivative, m. p. 79 to 80 ; the benzoyl derivative, 
m. p. 103 to 104'“; and the diphenylurethane, m. p. 112 to lid". 
In alcoholic solution /soeugenol produces an olive-green color 
with ferric chloride, whereas cugenol produces a blue color. 

Methylhoeugenol. 


COCH, 



CCH:CHCH, 


Thus far mcthyl/soeugcnol has been found only in the oil 
from Asarum arifolium. Artificially it is obtained by the methy- 
lation of /soeugenol and by the inversion of methyleugenol. The 
following properties have been recorded: 

B. p. 263'’;*) d|i,j. 1,064; n„ 1,5720.'“) 

It yields a characteristic dibromide, m. p. 101 to 102°, and 
can be oxidized to veratric acid. 


Safrol. 


CO 

CH„ 

hcA 

’/ 

CO 

"V 

CH 

CCH..CH:CH, 


Safrol, is the principal constituent of oil of sassafras. 

It is also contained in appreciable amount in camphor oil from 

') Ciamician and Silber, Berl. Berichte 23 (1890), 1165. 

-I Eylonan, Berl. Berichte S$ (1890), 862. 
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which it is obtained technologically. In addition it has been found 
in the oils of Asarum arifo/ium, A. Blumci, American wormseed 
oil, )apanesc staranisc oil, in the common staranisc oil (traces), 
in the oils of apopin, ylang-ylang (?), nutmeg, cinnamon leaves, 
cinnamon root, in the oil from the bark of Cinnamomum Mer- 
cadoi, in pichurimbean oil(?), in California laurel oil, and in massoy 
bark oil. Safrol is the methylene ether of ro-allylpyrocatechin. 

It is a colorless or slightly yellowish, optically inactive liquid, 
which upon cooling congeals to a crystalline mass, and possesses 
the following additional properties; 

Congealing point about I- 11"; b. p. 91" (4 mm.), 233" (759 mm.); 
d,,. 1,105 to 1,107; n„.,„,, 1,536 to 1,540.') 

Eykman*) found: M. p. 4-8"; b. p. 229 to 231" (uncorr.); 
d,;,. 1,0960; d,,_, 1,110; n,, 1,5420. 

Subjected to careful oxidation with potassium permanganate, 
it yields first of all a glycol (m. p. 82 to 83"), which upon further 
oxidation yields «-homopipcronylic acid. C„H 3 -(OOCH,) CH.,COOH 
(m. p. 127 to 128"). When oxidized with chromic acid mix¬ 
ture, piperonal (hcliotropin), m. p. 37", and piperonylic acid, 
C„H,,-(OOCH.,)-COOH (m. p, 228") result. 

When reduced in alcoholic solution with sodium, or with nickel 
in a current of hydrogen, safrol as well as /sosafrol yield the dihydro¬ 
derivative CjiiHijO, (b. p. 228 ) and m-propylphenol (b.p.228’).'') 

hosafroL 

CO ,CH. 

I 

HC; CO 

HC\ Cli 


CCH;CHCH„ 

When boiled with alcoholic potassa, safrol is changed to /sosafrol. 

') Observations made in the laboratory of Schimmel 6 Co. 

5 Recueil des trav. chim. des P.-B. 4 (1885), 32; Berl. Berichte 3S 
(1890), 862. 

>) Henrard, Chem. Weekblad 4 (1907), 630; Chem. Zenlraibi. IHO;, II. 1512. 
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For this compound, which possibly occurs in ylang-ylang oil, 
the following constants have been determined: 

d„. 1,124 to 1,129; n„.„.. 1,580.*) 

B. p. 253 to 254”; d,i,,. 1,126.-) 

With an excess of bromine, wosafrol yields a pentabromide, 
m. p. 196,5 to 197°.’) Oxidized with chromic acid, it yields 
piperonal (hcliotropin). 

In commercial /sosafrol, Hocring and Baum') have demon¬ 
strated the presence of two geometric isomers, which they 
designated «- and ,<-/sosafrol and of which the latter predominates 
by far. They are distinguishable only by their odor and their 
physical constants. Those of «-/sosafrol lie between those of 
safrol and it-wosafrol. Chemically no difference could be ob¬ 
served between the two /socompound.s. 

Asarone. 

COCH„ 

/ 

HC' COCK, 

H„COC' 'CH 

CCH;CHCH„ 

Asarone (4-propenyl-l,2,5-trimethoxybenzenc), C,..H|„ 03 , is 
a constituent of Asarum oil. It has been found in the oils of 
calamus, matico and Asarum ari/olium. If present in larger 
amounts, it separates upon prolonged standing. Asarone has 
likewise been obtained synthetically. 

In the pure state asarone is devoid of odor and taste and 
is further characterized by the following properties: 

M.p. 61“;’) d„. 1,091; n„ 1,5719.“) 

') Observation made in the laboratory of Schimmel a Co. 

“) Eykman, Berl. Berichte (1890), 

•■') Hoering, Berl. Berichte 3H (1905), 3466; 4« (1907), 1101. 

•) Berl. Berichte 43 (1909), 3076. 

“) Gattcrmann and Eggers, Berl. Berichte 83 (1899), 290. 

“) Eykman, ibidem 33 (1890), 862. 
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Upon bromination it yields the well crystallizable dibromide, 
C,.,H|„Br20,|, m. p. 86’. When treated with sodium methylate 
in the cold, this in turn yields the crystalline C^HjIOCH,), 
CH-IOCHjj CHBrCHj, which melts at 77,5’. 

Oxidized with chromic acid, asaronc yields asaryl aldehyde 
C||,H,.,0|, m. p. 114'. Together with asaronic acid [trimcthoxy- 
bcnzoic acid, C„H 5 (OCH„)a COOH, m. p. 144’], this is also formed 
when asarone is oxidized with permanganate. 


Elemicin. 

COCH,, 

/ "■ 

H,COC'' COCH,, 

HC /CH 

CCH,CH:CH, 

Elemicin (4-allyl-l,2,6-trimethoxy benzene), C|.^H,„Oa, con¬ 
stitutes the principal constituent of Manila elemi oil, in which it 
was discovered by Semmler') who also gave it its name. It is 
found in fraction 277 to 280" of elemi oil.-) In order to isolate 
elemicin, the fraction in question is boiled for half an hour with 
formic acid. As Semmler has demonstrated by experiments made 
on ancthol and safrol, allyl compounds remain unchanged, whereas 
propenyl compounds arc destroyed. Elemicin purified in this 
manner possessed tlje following properties: 

B. p. 144 to 147' ; dj„, 1,063; n„ 1,52848. 

When oxidized in acetone solution with potassium perman¬ 
ganate trimethylgallic acid, C|„H,j 05 , m. p. 169°; b. p. 225 
to 227", results. 

When heated with sodium or with alcoholic potassa, iso- 
elemicin, an isomer of position to asaronc, results, /soelemicin 

') Berl. Berichte 41 (tm), 176S, 1918, 2183, 2356. 

*) Report of Schimmel 6 Co. October JSlHt, 29; April 1907, 41; Octo¬ 
ber 190S, 51. 
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is 4-propenyl-1,2,6-trimethoxy benzene and is characterized by the 
following constants: 

B.p, 153 to 156" (10 mm.); d.,„. 1,073; n„ 1,54679. 

/soelemicin is characterized chemically by its dibromidc, 
m. p. 88 to 89°. Like elemicin, it yields trimcthylgallic acid 
upon oxidation with permanganate. 

Myristicin. 



HC^ Jzn 

CCH.,CH:CH, 

Thus far myristicin (4-allyl-6-methoxy-l,2-methylenedihydroxy 
benzene),') CutiijOj, has been found only in the oils of nutmeg 
and mace, also in French parsley oil. It is characterized by the 
following constants: 

B. p. 171 to 173" (40 mm.); d“: 1,1437; n,„„. 1,54032; 

1,52927;=) 

B.p. 149,5° (15 mm.); d„.1,1425.») 

Even in a freezing mixture myristicin does not congeal. 
With bromine it yields dibrommyristicindibromide, 

C.Br.,(QH,Br,)(OCH,)(0,CH,), nj. p. 130°, 

upon oxidation myristicinic aldehyde and myristicinic acid 
(see below). 

When boiled with alcoholic potassa, or when treated with 
sodium, the allyl group is rearranged to the propenyl group 

') This is not to be confounded with the “myristicin" of |ohn and 
Muider, a stearoptene that occasionally ciystallizes out of old oils and 
which consists of myristinic acid as shown by Fluckiger [Pharmaceutical 
loom. Ill .) (1874), 136]. 

=) Power and Salway, joum. chem. Soc. VI (1907), 2054. 

■) Thoms, Beri. Bcrichte 9« (1903), 3447. 
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and the myristicin thereby changed to solid /somyristicin for 
which Power and Salway*) record the following constants: 

M. p. 44°; b.p. 166° (18 mm.); n,„„ 1,56551.') 

Characteristic derivatives are the dibromide, m. p. 109°, and 
the dibrom/somyristicin dibromide, m. p. 156°. Like myristicin, 
/somyristicin yields myristicinic aldehyde, m. p. 130" and myris- 
ticinic acid, m. p. 210°, upon oxidation with permanganate. 

With nitrous acid both phenol ethers yield addition products 
from which a series of derivatives can be obtained. 

The isomeric aphis C,|H C 3 H 5 (0.jCHj) (0CHj),; are deri¬ 
vatives of an unsaturated, tetratomic phenol. Witli reference 
to their occurrence they arc designated apiol, dillapiol, also 
allyltetramethoxy benzene. 


Apiol. 

CO - CH, 

H„COC^' ;CO 

HCx, COCH,, 

\/ 

CCH.,CH;CH5 

Apiol (4-allyl-3,6-dimethoxy-1,2-mcthylcnedihydroxy benzene), 
C,.jH,, 04 , is a constituent of parsley seed oil and of Venezuelan 
camphorwood oil and matico oil from which it congeals upon 
cooling. Apiol hSs been examined more particularly by 
V. Gerichten,') Ginsberg,”) Ciamician and Silber,*) and Thoms.') 
The complicated constitution of this substance was almost 
completely revealed by Ciamician and Silber, but the final 
questions involved in establishing the above structural formula 
were settled by Thoms. 

*) Power and Salway, |ourn. chem. Soc. iU (t907), 2053. 

■') Berl. Berichte » (1876), 258, U77. 

•) Ibidem 21 (1888), 1192, 2514; 211 (1890), 323. 

') Ibidem 21 (1888), 913, 1621; 22 (1889), 2481; 28 (1890), 2283. 

•') Ibidem !1« (1903), 1714. 
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Apiol crystallizes in long colorless needles which possess 
a faint parsley odor and is characterized by the following 
constants; 

M. p. 30°; b. p. 294“ (ord. pressure), 179° (33 to 34 
d„J,176; nj, 1,5380.-) 

B. p. 296 to 299’ (755 mm., mercury entirely in the vapor); 
d,,,, 1,1788 (supercooled).*) 

Apiol is almost insoluble in water, soluble in aleohol, ether 
and the fatty oils. With bromine it combines to form tribromapiol, 

C„Br(0.,CH,)(OCH,),X„H,BL, m, p. 88 to 89“. 

Oxidation converts it into apiol aldehyde and apiolic aeid (see 
below). 

/soapiol, which results from the action of alcoholic potassa 
on apiol, crystallizes in monoclinic crystals which melt at 55 
to 56". Three bromine derivatives are known, a monobromidc, 
m. p. 51', a dibromide, m. p. 75°, and a tribromide, m. p. 120°. 

Like apiol, /soapiol yields, upon oxidation with potassium 
permanganate, apiol aldehyde, C,„H|„0,,, m. p. 102", and apiolic 
acid, m. p. 175°. Both phenol ethers also react with 

nitrous acid. 

Dillapiol. 

CO iCH., 

/ i ■ 

':CO 



Dillapiol occurs in matico oil, in East Indian, japanese, and 
Spanish dill oils, also in the oil of Crithmum maritimum. It is a 
viscid, oily liquid, which boils at 285° under ordinary pressure 

') Ciamician and Silber, Berl. Berichte 21 (1888), 1622. 

•I Eykman, ibidem 3S (1890), 862. 

*) Observations made in the laboratory of Schimmel 6 Co. 



492 


Principal constituents of volatile oils. 


and at 162“ under a pressure of II mm.‘) Its constitution finds 
expression in the formula given above, the correctness of which 
has been established by Thoms.*) 

When acted upon with an excess of bromine, dillapiol yields 
a substanee C,.jH|,Br,|0|, which crystallizes in colorless prisms, 
melts at 110 ', and which is the dibromidc of monobromapiol.*) 
Dill/soapiol, which is obtained by inversion, is solid, and 
can be obtained in monoclinic crystals that melt at 44“. Its 
boiling point is 296 '. The melting point of the tribromide is 115". 
When oxidized with alkaline permanganate solution, it yields dill¬ 
apiol aldehyde, C„,H,„ 05 , m. p. 75 ', and dillapiolic acid, C„|H|„0,|, 
m. p. 151 to 152°. Whether dill/soapiol occurs in nature or not 
has not yet been ascertained. 


Allyltetrumethoxybenzene. 

COCH„ 

H,COC'“' 'COCH, 

S 

HCx^^JcOCH, 

CCH.CH:CH.. 


From a French oil of parsley Thoms') isolated a substance 
CjsHi^O,, which he recognized as a phenol ether characterized by 
the above formula, and for which he records the following constants; 

M.p. 25"; d„. 1,087; n,,..,. 1,51462. 

When oxidized with potassium permanganate, a good yield 
of tetramethoxy bcn'koic acid, C,H(OCH,)|COOH results, which 
crystallizes in long needles and melts at 87°.’) 

In conclusion, several compounds may here be mentioned 
that arc ketones as well as phenols. They are diosphenol and 
phloracctophenone dimethyl ether. 


') Ciamician and Silber, Berl. Berichte (1846), 1800. 

*) Arch, der Pharm. 842 (1904), 344. 

') Ciamician and Silber, loc. cit. 

5 Berl. Berichte 4) (1908), 2761. 

*) Bignami and Testoni, Cazz. chim. ital. 30 (1900), I. 240; Report of 
Schimmel 6 Co. October 1000, 48. 
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Diospbenol. 


CH, 

I 

C 



H.,C\^^CO 

CH-CH(CH,),, 

Diosphenol (buchu camphor), is a constituent of 

the oil of buchu leaves, in which it was first found by Fliickiger.') 
Since then it has been subjected to investigation repeatedly. Its 
chemical constitution was revealed by Semmler and Me Kenzie,'^) 
who regard it as a cyclic reduced ketophcnol of the above formula. 

The diosphenol content of buchu oils varies with their botanical 
source. Prom some oils it separates as a crystalline mass upon 
standing at ordinary temperature, whereas other oils contain but 
little of this phenol. It is obtained from the oils either by freezing out, 
or by shaking out with dilute caustic alkali. If the latter method 
be followed, it should be remembered that a part of the diosphenol 
is removed when the alkaline solution is shaken out with ether. 

Synthetically diosphenol is obtained by the oxidation of oxy- 
mcthylcne-menthone, C||H„0.,. A diketone C,„H„02 results 
which is inverted to diosphenol by means of acids or alkalies.^') 

Diosphenol has a peculiar minty odor, is optically inactive, 
and crystallizes in monoclinic cry.stals that melt at 83 ’. It boils 
at 109 to 110° under 10 mm. pressure a»d with partial de¬ 
composition at 232" under atmospheric pressure. With ferric 
chloride it produces a dark green color. 

With acetic acid anhydride and benzoylchloride, diosphenol 
yields the respective esters, with carbanil a phenylurethane meltingat 
41 °. On account of the neighboring hydroxy group, the ketone group 
possess but little capacity for reaction. However, an oxime is known, 
which melts at 156° according to Kondakow and Bjalobrzeski,^) 

') Pharmaceutical lourn. HI. 11 (1880), 174, 219. 

*) Berl. Berichte S» (1906), 1158. 

‘) Semmler and Me Kenzie, ibidem 1169. 

') lourn. f. prakL Chem. II. 54 (1896), 437. 
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but Semmler and Me Kenzie (toe. at.) record the melting point 
as 125". When reduced in alkaline solution with sodium amalgam 
a diol alcohol, C||,H„Oj,‘) results which melts at 159". Reduction 
with sodium and alcohol yields /-menthol and a glycol C„Hj„Oj. 
Upon oxidation with potassium permanganate, the latter yields 
((-/sopropyl-(('-mcthyladipinic acid, which melts at 104°.") 

Characteristic for diosphcnol is its ready oxidation which 
property explains its capacity to reduce Fehling’s solution, also 
ammoniacal silver solution. 

Upon oxidation with ozone Semmler and Me Kenzie (loc. at.) 
obtained ((-;sopropyl-;'-acetyl-n-butyric acid, m. p. 41", whereas with 
potassium permanganate they obtained a ketoacid, C„|H,jO„ which 
melts at 104 to 105° and yields an oxime melting at 182", As an 
intermediate product an acid is formed from which the 

keto acid results by splitting off a molecule of water. 

When diosphenol is heated with concentrated hydrochloric 
acid in a sealed tube to 150 to 180", thymol, together with little 
carvacrol, results quantitatively. 

When heated with alcoholic potassa in a scaled tube to 150 
to 160", it yields an alcohol acid which can readily 

be recrystallized from water in needles that melt at 94°. 

Dio.sphenol is readily recognized by its properties. For its 
identification its behavior toward Fchling’s .solution and ammonia¬ 
cal silver solution can be utilized. Of its derivatives the phenyl- 
urethane and the alcohol acid mentioned may also be used. 

Phloracetophenone dimethyl ether. 

\ 

H,COC 
HC 

Brief mention may be accorded to the phloracetophenone di¬ 
methyl ether, which was recently found by Jonas ■') in the oil of 

') Shimoyama, Arch, der Pharm. 82# (1888), 413. 

0 Hondahow and Bachtschiew, fourn. f. praht. (Zhem. II. 08 (1901), 61; 
Semmler and Me Kenzie, Berl. Berichte 89 (1906), 1162. 

") Report of Schimmel S Co. April 1909, 150. 


CH 

\ 

>.COH 

;c-cocH, 

COCH, 
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Blumea balsamifera. This compound can be shaken out of the 
oil with the aid of caustic soda solution. From this alkaline 
solution, acids precipitate it as a solid, yellowish substance which 
after repeated recrystallization from benzene or light petroleum 
ether is obtained colorless and melts at 82 to 83°. 

Phloracetophenone dimethyl ether had previously been ob¬ 
tained synthetically by Friedlander and Schncll*) and was later 
made the.subject of careful study by v. Kostanecki and Tambor.*) 
Of its derivatives the oxime melts at 108 to 110°, the acetyl 
compound at 106 to 107", the methyl ether at 103", and a yellow 
crystalline monobromide at 187'. 

Condensed with benzaldehyde it yields 2-hydroxy-4,6-di- 
methoxychalcone (m. p. 91 to 92"). 


il-Naphthol ether. 
CH CH 


HCi 

''C- 

!i 


iCOCH, 

HC- 

ll 

/C 


XH 






CH 

CH 



CH 

CH 


HC; 



;COC,H, 

HCv 

li 

/C\ 


icn 


CH CH 

The methyl and ethyl ethers of i‘1-naphthol are both used 
extensively for perfuming cheaper grades of soap. In commerce 
these ethers are known as nerolin. The methyl ether is sometimes 
differentiated as nerolin "old” or "jara-jara”, the ethyl ether 
as nerolin "new” or "bromelia”. Neither of these ethers have 


') Bert. Berichte 30 (1897), 2152. 
•) Ibidem 32 (1899), 2262. 
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been found in nature thus for. They are prepared artificially 
by digesting for several hours fl-naphtholpotassium with the 
molecular amounts of the respective alkyl halides in methyl or 
ethyl alcoholic solution.') According to another method,®) one part 
of I'i-naphthol, three parts of methyl or ethyl alcohol and one part 
of hydrochloric acid arc heated in an autoclave to 150'’. Simpler, 
however, is the method of Henriques, originally used for the 
preparation of n-naphthol ethers, but which, according to Gatter- 
mann,®) is likewise well suited to the preparation of i^-naphthol 
ethers. It consists in heating i^naphthol with the respective 
alcohol and sulphuric acid to 125 to 140° using a reflux con¬ 
denser. The methyl ether results better when a slight pressure 
is employed. 

Both ethers consist of colorless crystalline lamins, which 
arc rather difficultly soluble in methyl and ethyl alcohol, but 
readily soluble in other organic solvents. The odor of both 
ethers is strong and persistent, however, that of the ethyl 
ether is more delicate than that of the methyl ether. In great 
dilution their odor resembles that of orange blossom oil, for 
which they arc a cheap, though not perfect, substitute. The 
odor of the ethyl ether is also compared with that of pine 
apple, though the comparison docs not seem fully justified. 
It is possibly due to this analogy that the name Bromelia may 
be traced. 

The following constants for |f-naphthol methyl ether are 
recorded in chemical literature; 

M. p. 72°;') m. p. 70", b. p. 274";'') 
and for ,f-naphthol ethyl ether: 

M. p. 37”;*) b.p. 274 to 275°;®) 282" (corn); d,„.t,0547, 
d... 1,501.*) 

Schaeffer, Liebig’s Annalen 1>V2 (1869), 2S6. 

*) Liebermann and Hagen, Berl. Berichte 15 (1882), 1428. 

*) Liebig's Annalen 244 (1888), 72. 

*) Stidel, Liebig’s Annalen 217 (1883), 43. 

'*) Marchetti, Gazz. chim. ital. H (1879), 544; )ahresber. d. Chem. 1H79,543. 

**) Omdorff and Kortright, Americ. chem. )ourn. 13 (1891). 162. 

^ Liebermann and Hagen, Berl. Berichte 15 (1882), 1428. 

") Perkin, )ourn. chem. Soc. 8ft (1^), 1190. 
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ACIDS. 

The aqueous distillate obtained as a byproduct in the pre¬ 
paration of volatile oils occasionally contains free fatty acids 
such as acetic, propionic, butyric or valeric acids. Like the 
methyl and ethyl alcohol obtained in like manner, these acids 
are in all probability decomposition products of esters contained 
in the parts of plants subjected to distillation. In as much as 
the lower fatty acids remain dissolved in the aqueous distillates 
they are readily overlooked. In certain cases the amounts are 
not inappreciable. Thus e. g. in a distillation of 40 kg. of seeds 
of Heradeum giganteum 120 g. of oil were obtained and 30 g. 
of acetic acid were separated from the aqueous distillate.') 

Although as a rule the percentage of acid in an oil is rela¬ 
tively low, there are a few oils consisting principally of acids. 
By way of example, orris oil contains 85 p. c. of myristic acid, 
the oil from Polygonum Persicaria consists largely of a mix¬ 
ture of volatile fatty acids,*) in Mexican valerian oil 89 p. c. of 
valeric acid have been found,") and the oil of Morinda dtrifolia 
contains as much as 90 p. c. of acid.'). 

In the compilation of acids which follows, no differentiation 
is made between free acids and combined acids. This failure 
is due to two reasons. First, accurate statements are mostly 
wanting on this point. And, secondly, it may well be assumed 
that in most instances the presence of free acid is due to de¬ 
composition during the process of distillation. Upon saponifi¬ 
cation of the oils, the acids are obtained in the form of their salts. 

Formic acid, H -COOH, has been found in turpentine 
oil (?), in thuja oil, the oils of Ceylon cardamoms, ylang-ylang, 
nutmeg, California laurel, in the oil from the fruits of Pittosporum 
undulatum, in the oils of myrrh and carrot, in the oil from the 

') Zincke, Liebig's Amiaien 152 (1869), 21. 

•) Horst, Chem. Ztg. 85 (1901), 1055. 

') Report of Schimmel 6i Co. April 1897, 44. 

') van Romburgh, Koninkiijke Akademie van Wetenschappen te Amster¬ 
dam 1909, 17; Report of Schimmel S Co. October 1909, 78. 
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wood of Ooup/a tomentosa, in the oils of American pennyroyal, 
valerian, Achillea nobiUs, and in the aqueous distillates of Pinus 
Sabiniana, Eucalyptus Globulus, jEtbusa Cynapium, Micro- 
meria Chamissonis, Lippia scaberrima and Arnica montana. 

Formic acid is characterized by its great capacity for re¬ 
duction. For purposes of identification, its solution, neutralized 
with alkali, is heated with mercuric chloride, where upon a precipi¬ 
tate of mercurous chloride and mercury results. The silver salt re¬ 
sults upon the addition of silver nitrate to a solution of the 
formate. Upon heating it is decomposed and thus distinguished 
from acetic acid. 

Acetic acid, CHj'COOH, is the most common of the 
acids found in volatile oils. An enumeration of its occurrences 
would include almost all of the volatile oils. Its esters are mostly 
characterized by an especially agrcable odor. Hence they find 
manifold application in perfumery. This is especially true of 
linalyl and gcranyl acetates. A few oils consist largely of 
acetic esters, e. g. the oils of lavender, bergamot, petitgrain, 
Siberian pine needle oil, £|c. 

For the purpose of identifying acetic acid, silver nitrate is 
added to the neutralized aqueous solution. The silver salt thus 
obtained is analysed. As a rule this method is generally appli¬ 
cable for the identification of most fatty acids. 

Of the remaining fatty acids, the following have been found 
in volatile oils; 

Propionic acid, CjHj'COOH, in ttie oils of chamomile, 
male fern (?), pastinaca and lavender. 

n-Butyric acid, CjHj'COOH, in the oils of male fern. 
Polygonum Persicaria, nutmeg. Eucalyptus Globulus, niaouli, 
j&husa Cynapium, Heradeum Sphondylium, H. giganteum, 
lavender, valerian, American pennyroyal, and in the aqueous 
distillate of Lippia scaberrima and Micromeria Chamissonis. 

\%obutyric acid has been found in laurel leaf oil, in the 
oil of Ceylon cinnamon (?), carrot oil (?), Cretan origanum oil (?), 
arnica root oil and Roman chamomile oil. 
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Isora/eWc add (/sopropyl acetic acid), C,H|, COOH, has 
been found, in the oils of male fern {?), cypress, citronella, laurel 
leaves, in the oil from the fruits of Pittosporum unduktum, in 
the oils of geranium (?), niaouli. Eucalyptus goniocalyx, £ palu- 
dosa, E. saligna, and senega root, in the oil from the wood of 
Goupia tomentosa, and in the oils of lavender (?), American 
peppermint, valerian, Mexican valerian, kesso root and wormwood. 

Methyl ethyl acetic acid in the oils of champaca, an¬ 
gelica root and coffee. 

Caproic acid, CjH„ COOH, in the oils of male fern (?), 
luniperus phaenicea, Icmongrass, palmarosa, laurel leaves (?), 
Hcracleum Sphondylium, pastinaca, in the oil from the wood 
of Goupia tomentosa, and in the oils of lavender and of the 
fruits of Morinda citrifolia. 

hoheptoic acid, C„H|,|-COOH, in American pennyroyal oil. 

Caprylic acid, C;H,. COOH, in the oils of wormseed (?), 
nutmeg, camphor, sweet orange, American pennyroyal, in the 
oil from the fruits of Morinda citrifolia and the oil of Artemisia 
Herba-alba. 

Caprinic acid, C,, H,„ • COOH, crystallizes in needles melting 
at 31" and has been found in lemongrass oil, kobuschi oil, hera- 
cleum oil, American pennyroyal oil, chamomile oil, and in the 
oil of Artemisia Herba-alba. 

Laurie acid, C,,Hj,-COOH, crystallfzes as needles which 
melt at 43,6". It occurs in the oils from the laurel berry, the 
pichurim bean, Psoraiea bituminosa (?), the wood of Goupia 
tomentosa and tieracleum. 

Myristic acid, C,,|H...-COOH, crystallizes in lamina; that 
melt at 53,8". It occurs in the oils of nutmeg, Blumea bal- 
samilera and orris root. 

Palmitic acid, C, 5 f 1 „ COOH, crystallizes as scales that 
melt at 62". It occurs in the oils of Canada snakeroot, japanese 
star anise, myrrh, cascarilla, ambrette seeds {?), the fruit of 
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Pittosporum undulatum, pimenta, the seeds ol Monodora grandi- 
flora, celery seed, parsley seed, carrot, Micromeria Chamissonis, 
the stems and leaves of Tagetes pafula, carline thistle, arnica 
flowers, wormwood, and Blumea balsamifera (?). 

Stearic acid, C„H, 5 -COOH, crystallizes in laminse that 
melt at 69,2" and occurs in cascarilla oil. 

Unsaturated acids have been found in only a few instances. 

Methacryiic acid, CH„;C(CH,)COOH, crystallizes in long 
prisms and melts at 15 to 16”, b. p. 160,5”. It probably occurs 
in Roman chamomile oil. 

Angelic acid, CH,-CH:C(CH,)COOH, melts at 45 to 45,5” 
and boils at 185°. It has been found in the aqueous distillate 
of the oils of angelica root and Roman chamomile. 

Tiglicacid, CH, CH:C(CH,)COOH, melts at 64,5”, boils 
at 198,5” and occurs in geranium oil. 

Oleic acid, C,H,. CH;CH(CHo).COOH, crystallizes in 
needles that melt at 14 ' and boil at 223 ” (10 mm.). It occurs 
in orris oil and kobuschi oil. 

Of hydroxy acids the following have been identified: 

tiydroxymyristicacid, crystallizes in pearly 

lamina: that melt at 51 ”. It occurs in sabadilla seed oil and in 
angelica seed oil. 

tiydroxypentadecylic acid, C,sH,„0„ crystallizes in 
needles that melt at 84”. It occurs in angelica root oil and 
possibly in Japanese angelica oil. 

A dibasic acid has been observed but once as a natural 
constituent of a volatile oil, viz. 

Succinic acid, COOH'CH.j CHj-COOH, in the oil from 
the wood of Goupia tohientosa. 

Of aliphatic acids there remain to be mentioned 

Citronellic acid, C,H„ COOH, which boils at 257° or 
143,5” (5 mm.). It occurs in the oil of Barosma pulchellum. 
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Teresantalic acid, a reduced cyclic acid, which 

melts at 157°, [nj^—70°24' (in 25 p. c. solution) occurs in 
sandal wood. 

Of aromatic acids the following should be mentioned; 

Benzoic acid, C,Hj-COOH, crystallizes in shiny lamina; 
that melt at 121,4°, and boil at 249° (760 mm.). It occurs in 
the oils of vetiver, tuberose, hyacinth, champaca, ylang-ylang, 
cinnamon leaves, wild cherry bark, neroli, tolubalsam and cloves. 

Phenyjacetic acid, CjHj-CHj-COOH, crystallizes in thin 
lamina; that melt at 76,5° and boil at 265,5°. It occurs in 
neroli oil. 

Cinnamic acid, C,HjCH:CH-COOH, melts at 133° and 
boils at 300°. It occurs in the oils of Alpinia, Kaempferia, xan- 
thorrhcea resin, storax, American storax, cassia and wartara. 

Salicylic acid, CjHj OH COOH, m. p. 155 to 157°, occurs 
widely distributed as methyl ester (see p. 504). In addition it 
has been found in the oils of spicewood, ylang-ylang, Pittosporum 
unduiatum, and American pennyroyal. 

Anisic acid, /)-methoxybenzoic acid, C,H< OCH,'COOH, 
melts at 184°, occurs in the Tahiti vanilla. It is also found in 
all oils which, like anise oil, contain much anethol, from which 
it results upon oxidation. 

Veratric acid, (CHsO)5 C,Hg COOH-|-HjO, melts bet¬ 
ween 179,5 and 181°, and has been found in the oil of saba- 
dilla seed. 

Methyl-p~cumaric acid, /)-methoxycinnamic acid, 
CH,O.C,H,.CH:CH.COOH, melts at 171° and occurs in 
Kaempferia oil. 
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ESTERS. 

Esters occur in most volatile oils and are frequently of 
essential import so far as the fragrance of these oils is concerned. 
On account of their mostly pleasant odor they play an important 
role in perfumery. As illustrations of oils rich in esters, the oils 
of bergamot, lavender, geranium, Siberian pine needle and 
Roman chamomille may be mentioned. It rarely happens that 
an oil consists almost exclusively of esters. Such is the case 
with the distillates of Qaultheria procumhens and Betula lenta, 
which consist to the extent of about 99 p. c. of methyl salicylate, 
and which arc commonly known as wintergreen oil. With the 
exception of those esters which are solid at ordinary temperature 
and hence can be readily isolated, the identification of esters 
is not an easy matter. Characteristic derivah'ves, such as can 
be prepared of alcohols, ketones and hydrocarbons, arc known 
only in exceptional cases. Hence one is dependant on fractional 
distillation and the characterization of the saponification products. 
To this difficulty is added the circumstance that the boiling points 
of esters of different composition are close to each other. As 
a result separation by fractionation is rendered impossible. A 
further difficulty arises from the decomposition of many esters 
when distilled under ordinary pressure. Some decompose even 
when distilled under diminished pressure. 

As a rule, esters can be readily obtained synthetically. A 
common method consists in passing hydrogen chloride into a 
mixture of the companents, which mixture is some times diluted 
with a suitable solvent. In many instances, however, this method 
cannot be applied because of the susceptibility of some of the 
acids and alcohols toward hydrogen chloride. In such cases 
the ester can be obtained by the action of the alkyl iodide on 
the silver salt of the acid, or by the action of acid anhydrides 
or acid chlorides on alcoholates. Not infrequently mere boiling 
of the alcohol with the acid anhydride suffices. Thus many 
alcohols can be converted quantitatively into their acetates by 
boiling them with acetic acid anhydride and some anhydrous 
sodium acetate. 
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Methyl benzoate. 

C.H..COOCH,. 

The methyl ester of benzoic acid, also known as oil of 
Miobe, occurs in ylang-ylang oil and probably also in the oils 
of cloves and of tuberose. It is a colorless, optically inactive 
liquid, of a strong but pleasant odor. 

B. p. 199,2” (746,4 mm.); d„. 1,1026,') d|;: 1,0942.*) 

In the laboratory of Schimmel C| Co. the following constants 
have been observed: 

d„. 1,0935 to 1,0955; Oj,,,,. 1,517 to 1,418; sol. in 4 vol. of 
60 p. c. and in 1,5 vol. of 70 p, c. alcohol. 

Characteristic for methyl benzoate is its crystalline derivative 
with phosphoric acid.’) The benzoates of the homologous alco¬ 
hols do not possess this property. 

Methyl cinnamate. 

C,H„CH:CHCOOCH,. 

The only oils in which this ester has been found are those 
from the rootstock and leaves of Alpinia malaccensis and from 
the seeds of wartara. 

At ordinary temperature methyl benzoate is a solid possess¬ 
ing a peculiar, intensive odor, and characterized by the following 
properties: 

M. p. 33,4"; b. p. 263”.*) 

M.p. 36°; b.p. 259,6°; d“; 1,0415.") 

For the methyl cinnamate from wartara oil, Schimmel § Co.*) 
observed: 

') Kopp, Liebig’s Annalen 94 (1855), 307, 309. 

*) Perkin, lourn. chem. Soc. B9 (1896), 1174. 

•) Raikow, Chem. Ztg. 84 (1900), 368. 

*) AnschStz and Kinnicutl, Ber). Berichte 11 (1878), 1220. 

'') Weger, Liebig's Annaien 831 (1683), 74. 

*) Report of Schimmel ^ Co. April 1901, 59. 
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M. p. 36'; b. p. 256' (745 mm.); 
and for technical preparations of their own manufacture: 

M. p. 34to35”; d{j: 1,0663; nj,„. 1,56816; ni,„. 1,56729; 
d“: 1,0712; n„3,. 1,56816. 

Methyl cinnamate is readily soluble in the ordinary organic 
solvents, likewise in olive oil and paraffin oil. Of 70 p. c. alco¬ 
hol 2 vol. are requisite to effect solution. 


Methyl salicylate. 


C,H, 


^COOCH, 

^OH 


Methyl salicylate (salicylic acid methyl ester, artificial oil of 
wintergreen) is one of the most important perfumes and is aiso 
highly esteemed on account of its antiseptic properties, it has 
been known for a long time, and, as has been demonstrated in 
the course of years, is very widely distributed in the vegetable 
kingdom. Neither is its occurrence restricted to a certain part 
of the plant, but is found in ail organs from the root to the 
flower. It constitutes the bulk of the oils of gaultheria and 
sweet birch. It has also been found in the oils of tuberose (from 
pomade), ylang-ylang, beech seedlings, in Roman and French 
cassie flowers, rue, tea, cloves, Viola tricolor, likewise in the 
following plants;*) Podocarpus chinensis, P, Nageia, Gnetum 
Gnemon fl ovaliiolium, Castanopsis javanica, C. /. var., C. Tun- 
gurrut, C. spec., Quercus spec, div., Q. bancana, Q, glandulifera, 
Q. Junghuhnii, Q. pdeudomoluccana, Q. spicata, Q. Teysmannii, 
Cecropia Schiedeana, Cinocephalus ovatus, C. suaveolens, C. 
spec., Urostygma acamptophylium, Ficus elastica, F. Benjamina, 
F. B. var. crassinerye, F. annulata, F. geniculata, F. pilosa, 
F. p. var. chrysocannia, F. retusa var. nitida, F. xylophylla, 
Sloetia Sideroxylon, Streblus mauritianus, Gironniera subaa- 
quaiis, Myristica intermedia, Lindera Benzoin, Parinarium 


') Compare; vanRomburgh, VersJag van's lands plantentuin te 
zorg 1H»3, 37; 1N98, 29; 1901, 58; Kremers and fames, Wiarm. Review 18 
(1898), 100; Report of Schimmel ft Co. Oct 1899, 56; Tailleur, Compt rend. 
m (1901), 1235. 
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spec.; Photinia serrata, Rubus sundaiais, Spiraea Ulmaria, 
Acacia Intsia, A. piuricapitata, A. sarmentosa, A. tenerrima, 
Bauhinia pyrrhaneura, Caesalpinia Bonducella, Guiiandina 
spec., Macuna gigantea, Erythroxylon Coca, £. bolivianum, 
Canarium spec., Garuga spec., Mygala Senega, P. S. var, 
latHoIia, P. Baldwini, P. variabilis, P. javana, P. oleifera, P. 
serpyliacea, P. calcarea, P. vuigaris, Epirixanthes elongata, E. 
cyiindrica, Adenocrepis javanica, Antidesma diandrum, Agy- 
neia wultifiora, A. spec., Baccaurea spec., Cyclostemon macro- 
phyllus, Brideiia tomentosa, Elateriospermum Tokbrai, Clu- 
ytia oblongitoiia, Leiocarpus arboreus, L spec., Pierardia dul- 
cis, P. spec, div., Phylianthas zeyianicus, Rottiera dispar, 
Sphenodesme Wallichiana, Trewia spec., Mangitera spec.. Seme- 
carpus spec., Turpinia sphmrocarpa, T, spec., Capura alata, 
Harpuiiia imbricata, H. spec., Meiiosma penduia, Mischocarpus 
luscescens, Elaeocarpus resinosus, Wormia triquetra, Thea 
chinensis, T. cochinchinensis, Caipandria lanceolata, Hydno- 
carpus Wightiana, H. alpina, H. venenata, Scolopia Roxburghii, 
Taraktogenos Blumei, Alsodeia cymuiosa, Viola tricolor, Homa- 
lium tomentosum, H. javanicum, Carallia symmetria, Meme- 
cyion spec., Nania vera, Barringtonia rubra, B. spicata, B. spec, 
div., Monotropa Hypopithys, Gauitheria iragrantissima, G. leu- 
cocarpa, Ardisia humiiis, A. lurida, A. tuliginosa, A. macro- 
phylla. A, purpurea, A reciinata, A. sanguinoknta, A. speciosa, 
A. spec., Sideroxylon obovatum, Diospyros aurea, D. cauli- 
llora, D. acuminata, D. Gardneri, Maba spec., Symplocos 
spec, div., S. fasciculata, Chionanthus elliptica, C. latilolia, C. 
montana, C. ramifiora, C. spec., Allamanda Hendersoni, Chilo- 
carpus densifiorus, C. denudatus, C. spec., Melodinus Isevigatus, 
M. orientalis, Landoiphia Watsonii, Aistonia angustiiolia, A. 
Hadti, A macrophyiia, A viilosa, A spec., Hunteria corymbosa, 
Rauwoliia spectabilis, Cryptoiepis laxiflora, Marsdenia tenacis- 
sima, Cordia asperrima, Bignonia Chamberlaynii, B. exoieta, 
Tecoma mexicana, Hexacentris coccinea, Nyctocalos brunfelsiae- 
florus, Thunbergia grandifiora, Canthium palembanicum, C. spec.. 
Gardenia Fitzaiani, G. Schoemannii, Nauclea iagHoiia, N. poiy- 
cephaia, N. spec., Pavetta angustiiolia, P. arborea, P. barbata, 
P. grandillora, P. g. var, iutea, P. g. var. aurantiaca, P. littorea, 
P. longillora, P. rosea, P. paludosa, P. longipes, P. spec.. 
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Petunga variabiUs, P. spec., Psychotria celastroides, P. robus- 
ta, P. undata, Wendlandia spec., Anthocephalus Cadamba, 
Cotka densiflora, C. kpidophhia, C. liberica, C. stenophylla, 
GriHithia acuminata, G. eucantha, Mussasnda Irondosa, M. offi¬ 
cinalis, M. rulinervia, Polyphragmon spec., Randia densiflora, 
R. dumetorum, R. uliginosa, Sarcocephalus subditus, Scyphos- 
tachys coffeoides, Viburnum sundaicum, Stifitia chrysantha and 
Vernonia arborea. 

As a rule, methyl salicylate does not occur as such in the 
vegetable kingdom, but in the form of a glucoside. Thus in the 
leaves of Gaultheria procumbens and in sweet birch bark it 
occurs as gaultherin from which it is set free by ferment action. 
Hence the yield of methyl salicylate from these sources is greatly 
increased if the material is moistened and set aside for several 
hours. In the case of many of the above mentioned plants the 
distillate from fresh material contains no methyl salicylate 
whatever. 

As to the nature of the methyl salicylate-yielding glucosides 
little is as yet known. In addition to the gaultherin already 
mentioned primverin and primulaverin yield methyl salicylate. 
Both glucosides occur in the Primulacex and are hydrolysed 
by primverasc, the accompanying ferment.*) 

Artificially methyl salicylate is obtained by heating metliyl 
alcohol and salicylic acid in the presence of sulphuric acid. On a 
large scale this ester has been manufactured by Schimmcl Si Co. 
since 1886 and is placed upon the market as artificial oil of 
wintergreen. 

Methyl salicylate is a colorless liquid, which is optically 
inactive and po$se;sses an intense, peculiar odor. As to its 
other properties, the following data have been recorded: 

B. p. 217” (730 mm.);») 

B. p. 223,7“ (corr.); d„. 1,1969, d„.1,18l9;») 

M. p. -8,3”;') 

B. p. 222,2” (corr.), d,, 1,1992, d„. 1,1890.‘) 

') Coris and Maserd, Corapt. rend. U9 (1909), 947. 

■) Schreiner, Liebig’s Annalen 197 (1879), 17. 

“) Kopp, Ibidem 94 (1855), 30), 302. 

') v. Schneider, Zeitschr. f. physih, Chem. 89 (1897), 233. 

T Perkin, |oura chem. Soc. 69 (1896), 1187. 
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In connection with technical products, Schimmel observed 
the following constants: 

d„. 1,185 to 1,190; n„„„. 1,536 to 1,538; soluble in 6 to 8 vol. 
of 70 p. c. alcohol. 

Methyl salicylate dissolves in potassium hydroxide solution 
of medium concentration forming the readily soluble ester salt 
potassium methyl salicylate. From such a solution it can be 
recovered unchanged by means of dilute acids. Sodium hydroxide 
solution precipitates the difficultly soluble sodium methyl sali¬ 
cylate. When heated with an excess of alkali, both ester salts 
are saponified. From these saponified solutions, acid precipitates 
salicylic acid. 

Characteristic for salicylates is the violet color produced 
by ferric chloride. 

Ethyl acetate. 

CH.COOCH^. 

The presence of ethyl acetate (acetic ether) in volatile oils 
has not yet been demonstrated. However, an observation by 
Goppert') is on record, according to which the flowers of 
Magnolia fuscata, more particularly the fallen petals, develope 
an odor closely resembling that of ethyl acetate. Hence this 
ester, though of technical and particularly of pharmaceutical 
importance, is of little interest to the perfume chemist. Ethyl 
acetate is a colorless, neutral liquid possessing a refreshing odor. 
It boils at approximately 76° and at 15" has a specific gravity 
of 0,90 to 0,91. With the ordinary organic solvents it is miscible 
in all proportions. For many substances it acts as a good sol¬ 
vent. 18 p. ofj water dissolve I p. of acetic ether. On the other 
hand 28 p. of acetic ether dissolve 1 p. of water. 

Ethyl benzoate. 

C,H,COOC,H,. 

Thus far ethyl benzoate has not been found in nature. Its 
odor resembles that of the methyl ester, but is somewhat milder. 
Its constants are; 


’) Liebig’s Annalen 111 (1859), 127. 
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B. p. 211,2' (729 mm,); d„. 1,0502;>) b, p. 212,9° (745,5mm.).*) 

In connection with technical preparations of their own 
manufacture, Schimmel Si Co observed i 

d... 1,0515 to 1,0523; n^^o-1,50501 to 1,50630; soluble in 
7,5 vol. of 60 p. c. and in 2 vol. of 70 p. c. alcohol. 

Et/jy/ salicylate. 

.COOCH, 

C.H„ 

OH 

Salicylic acid ethyl ester is of interest only in so far as it 
finds application in perfumery. In volatile oils it has not yet 
been found, it is a colorless liquid, the odor of which is more faint 
than that of wintergreen. Perkin records the following properties: 

B. p. 233,5 to 234,0° (corr.); d.,. 1,1372. 

Schimmel 8 Co. found i 

B.p. 234to235” (743mm.), 91° (5mm.); d,..l,l352; I 0°; 
n„a,. 1,52338; soluble in 4 vol. of 80 p. c. alcohol. 

When strongly cooled it can be made to congeal and then 
melts at -i- 1,3°.*) 


Ethyl cinnamate. 

C.H.CHiCH.COOC^H., 

Cinnamic acid ethyl ester is one of the more rarely occurring 
constituents of volatile oils. Its occurrence is restricted to the 
oils of kxmpferia and storax. Artificially it is obtained by 
passing hydrogen chloride gas into the alcoholic solution of 
cinnamic acid. The ester is a liquid which has a pleasant odor, 
congeals at lower temperature, is optically inactive and possesses 
the following additional properties: 


') Linnemann, Liebig's Aiualen 160 (1871), 208. 

*) Kopp, Ibidem 94 (1855), 309. 

>) lourn. chem. Soc. 69 (1896), 1176. 

*) V. Schneider, Zeitschr. f. physik. (3iem. 19 (1896), 158. 
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M. p. 12";') b. p. 271";=) d„. 1,0656, d„.l,0498;«) 

B. p. 195,5" (103 mm.); d,j. 1,0546.*) 

In connection with technical products Schimmel § Co. observed: 

dj 5 .1,053 to 1,055; n„ 3 „. 1,559 to 1,561; soluble in 5 to 7 vol. 
of 70 p. c. alcohol. 

Amyl salicylate. 

COOCH,, 

OH 

While not a constituent of volatile oils, salicylic acid amyl 
ester, also known as orchidde, trefle or trefol, finds extensive 
application in perfumery and may, therefore, be mentioned. It 
is a colorless or yellowish liquid, the strongly aromatic odor of 
which reminds of some of the orchids. In connection with 
products of their own make Schimmel 8; Co. observed the 
following properties: 

B. p. 276 to 277“ (743 mm.), 151 to 152" (15 mm.); d,.. 1,049 
to 1,055; (Tj, slightly dextrogyrate, up to +2"; n^j^. 1,505 to 1,507; 
soluble in about 3 vol. of 90 p. c. alcohol. 

In as much as the ester is not readily saponifiable, it is 
necessary for a quantitative saponification to heat it with an 
excess of alkali for two hours on a wather bath. Indeed, it is 
well to apply this precaution to other esters of salicylic acid. 

In addition to its use as a perfume, amyl salicylate is also 
employed to fix the odor of finer perfumes. Therapeutically it has 
also been successfully employed as a remedy against rheumatism.") 

Unalyl acetate. 

CH,COOC,„H.,. 

Linalyl acetate, the most valuable and characteristic con¬ 
stituent of the oils of bergamot and lavender, is rather widely 

') Wegener, Private communication by FriedlJnder, Liebig’s Annalen 
241 (1883), 75. 

*) Anschutz and Kinnicutt, Berl. Berichte 11 (1878), 1220. 

") Kopp, Liebig's Annalen % (1855), 320. 

*) Perkin, Journ. chem. Soc. 60 (18%), 12%. 

*) According to Pharm. Zentralh. 43 (1902), 637. 
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distributed. In addition to the above mentioned two oils, it has 
been found in the oils of Canada snakcroot (?), ylang-ylang (?), 
sassafras leaves, the bark of Cinnamomum pedatinervium, 
petitgrain, lemon, neroli, the Italian limette, jasmine, muscatclle 
sage(?), the oil of the leaves of Mentha citrata and gardenia. 

Since both linalool and linalyl acetate readily undergo change 
and decomposition, the artificial preparation of the ester is not 
readily accomplished. Thus the common method of acetylation 
yields but poor results since the linalool is partly decomposed, 
partly rearranged to terpineol, geraniol and nerol. Aceording to 
Tiemann') a pure linalyl acetate can be obtained by the interaction 
between sodium linalool and acetic acid anhydride. 

Linalyl acetate is a colorless liquid with a pleasant odor 
reminding of bergamot. In accordance with the linalool employed, 
it deviates the ray of polarized light ether to the right or left. In 
conneetion with a linalyl acetate prepared according to Tiemann’s 
method, Hesse and Zeitschel-) observed the following constants; 

B. p. 96,5 to 97' (10 mm.), 115 to 116“ (25 mm.), about 220“ 
with decomposition (762 mm.); 0,5.0,913; [«]„ —6“35'; e.ster 
content 97,6 p. c. 

Under the name of bergamiol, Schimmcl £( Co. introduce 
into the market a product that possesses approximately the 
following properties: 

0,5.0,90 to 0,91; n,,,,,. 1,451 to 1,454; soluble in 10 to 15 vol, 
of 60 p. c. and in 3 to 5 vol. of 70 p. c. alcohol. 

Geranyl formate. 

HCOOC,„H„. 

This ester, which has not yet been observed in nature, is 
formed even upon standing of a solution of geraniol in crystallized 
formic acid,") better still upon the addition of a small amount 
of a mineral acid.*) According to Tiemann (loc. cit.) the ester 

■) Berl. Berichte Sl (1898), 339. 

'9 lourn. f. prakt. Chem. II. (H (1901), 256. 

*) Tiemann and Schmidt, Berl. Berichte 89 (1896), 907, footnote. 

') Bertram, C. i.P. 80 711. 
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boils at 113 to IM" (15 mm.), according to Bertram at 104 
to 105° (10 to 11 mm.). 

In connection with a technical product of about 91 p. c. ester 
content, Schimmel 8i Co. observed the following constants: 

d„.0,9248; u,, 10°; nj,,,. 1,46456; soluble in 10 parts and 
more of 70 p. c. alcohol. 

Like all formates, the ester is prone to decomposition. 

Geranyl acetate. 

CH,,COOC,„H„. 

Like linalyl acetate, geranyl acetate occurs rather commonly 
in volatile oils. It is the principal constituent of the oil of 
Darwinia fascicularis, and has also been found in the oils of 
the needles of Callilris glauca, palmarosa, lemongrass, sassa¬ 
fras leaves, kuromoji, geranium (?), petitgrain, neroli, coriander. 
Eucalyptus Staigeriana, E. Macarthuri, l£plospermum Liver- 
sidgei and lavender. Artificially geranyl acetate is obtained by 
heating geraniol with acetic acid anhydride and some anhydrous 
sodium acetate. In connection with a product obtained by this 
method, Bertram and Gildemeister') observed: 

B. p. 242 to 245° with decomposition (764mm.); 127,8 to 129,2° 
(16mm.); d,,.0,9174; n„„.1,4628. 

In connection with technical products of their own make 
Schimmel S Co. observed: 

d,,.0,910 to 0,917; «„ I 0"; n„.,„J,462 to 1,466; soluble in 
7 to 10 vol, of 70 p. c. alcohol. 

The odor of geranyl acetate is pleasant and flower-like, 
reminding of that of linalyl acetate. 

CitroneHyl formate. 

HCOOC„H„. 

The formic ester of citronellol has thus far not been found 
in volatile oils. It is readily formed by boiling citronellol with 

*) )ourn- f. prakt. Chem. II. 49 (1^4), IM, 
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twice its volume of strong formic acid,*) also by setting aside for 
several days a solution of citronellol in anhydrous formic acid.*) 

The ester decomposes readily, and according to Tiemann 
and Schmidt (toe. cit) boils between 97 and 100° (10 mm.). 

In connection with a technical product containing 93,2 p. c. 
of ester Schimmel § Co. observed the following properties; 

d„.0,9105; o„ —r9'; n„j„.l,45111; soluble in 12,5 vol. of 
70 p. c. and in 2,5 vol. of 80 p. c. alcohol. 

Citmnellyl acetate. 

CH,COOC„H„. 

Citronellyl acetate is probably a constituent of citronclla oil 
and oil of geranium, but its presence in either oil has not yet 
been definitely established. Artificially it can readily be obtained 
by the action of acetic acid anhydride on citronellol. It is a 
colorless liquid with a pleasant odor faintly resembling that of 
bergamot oil. According to Naschold*) it boils at 121,5° under 
15 mm. pressure. Tiemann and Schmidt*) record the following 
properties: 

B. p. 119 to 121° (15 mm.); d,„. 0,8928; [«],„„. +2,37°; 
n,„,^. 1,4456. 

In the laboratory of Schimmel ^ Co. the following constants 
were observed: 

d|,. 0,9013; a„ —1°15'; 0 ,,.;,^, 1,44891; soluble in 6 vol. of 
70 p. c. alcohol. 

Benzyl acetate. 

CH,COOCH.,C,H.. 

Benzyl acetate is the principal constituent of the oil of 
jasmine flowers and of gardenia oil. It is also contained in ylang- 
ylang oil and in hyacinth oil. Artificially this ester can be ob¬ 
tained in a variety of ways. The simplest method is to acetylize 

*) Walbaum and Stephan, Berl. Berichte SS (1900), 2307. 

5 Tiemann and Schmidt, Berl. Berichte 29 (1896), 907. 

*) Beitrige zar Heantnis aliphatischer Terpemerbindungen. laaug.- 
Dissert. GOttingen 1896, p. 49. 

*) Loc. cit. 
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benzyl alcohol with acetic acid anhydride, or to act on benzyl 
alcohol with acetic acid in the presence of sulphuric acid.‘) 
According to Seelig*) a mixture of benzyl chloride, fused potassium 
or sodium acetate and glacial acetic acid are boiled for 20 
to 30 hours in a flask connected with a reflux condenser. The 
latter is provided with a calcium chloride tube to keep out moisture. 
Tiemann^ uses benzaldehyde as starting point which he gently 
boils with zinc dust and glacial acetic acid for about 12 hours 
in a flask connected with a reflux condenser. 

Benzyl acetate is a colorless liquid of a refreshing odor 
reminding of jasmine. According to Hesse and Miiller^) it boils 
between 215 and 216" and has a specific gravity of 1,060 at 15". 

In connection with their own products prepared on a tech¬ 
nical scale, Schimmel 8) Co. have observed the following con¬ 
stants: b. p. 215" (760 mm.), 95" (10 mm.), 69" (4 mm.); d,,. 1,060 
to 1,062; n^j,. 1,502 to 1,504; ester content 98 to 100 p. c.; 
soluble in 2 vol. of 70 p. c., 6 vol. of 60 p. c., 20 vol. of 50 p. c., 
70 vol. of 40 p. c., 120 vol. of 35 p. c., and 200 vol. of 30 p. c. 
alcohol. 

The benzyl acetate content is the principal criterion as to 
the purity of the product In as much as benzyl chloride may 
be used in its production, the absence of chlorinated products 
should be ascertained. 

On account of its ready solubility in dilute alcohol, benzyl 
acetate is particularly adapted to the preparation of perfumes 
with low alcohol content 

Benzyl benzoate. 

C,H,COOCH,C,H,. ■ 

This ester is an essential constituent of cinnamein or Peru 
balsam oil. It likewise occurs in the oils of tuberose, ylang-ylang 
and tolu balsam. 

According to Claisen,*) benzyl benzoate can be prepared by 
dissolving I'A g. of sodium in the requisite amount of benzyl 

’) S. Cannizaro, Liebig's Annalen 8S (1853), 130. 

*) lourn. f. prakt. Chem. 89 (1889), 162. 

“) Berl. Berichte 1» (1886), 355. 

‘) Berl. Berichte 82 (1899), 744. 

*) Berl. Berichte 20 (1887), 649. 
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alcohol to effect solution. 200 g. of benzaldehydc are then added 
and the mixture heated for several days on a water bath. The 
reaction product is acidulated with glacial acetic acid, the oil 
thrown out of solution with water and destillcd. 

Benzyl benzoate is a somewhat viscid colorless liquid which 
is difficultly volatile with water vapor and possesses a faint odor. 
A ta low temperature it congeals to white crystals which melt again 
at about 20°. Clai.scn’) records the following properties: 

M. p. 21"; b. p. 323 to 324"; d,„. 1,1224 (liquid). 

In the laboratory of Schimmel S| Co. the following constants 
have been observed: 

M. p. 19 to 20"; b. p. 156° (4,5 mm.); d,„. 1,121 to 1,125; 
n,,.,,. 1,569 to 1,570; soluble in 10 vol. of 80p. c. and in 1,5 to 2 vol. 
of 90 p. c. alcohol. 

In perfumery benzyl benzoate finds extensive application as 
solvent and fixing agent for other more volatile perfumes. 
Thus, e. g. it is used in making concentrated solutions of arti¬ 
ficial musk. 


Benzyl cinnamate. 

C,H,,CH:CHCOOCH,C.H,. 

Cinnamic acid benzyl ester, C,„H,,0.,, has been found in 
the oils of storax, tolu balsam and Peru baKsam. According to 
Grimaux,*) it can be obtained artificially by boiling sodium cinna¬ 
mate, alcohol and benzyl chloride in a flask connected with a 
reflux condenser. It forms white, shiny crystals which possess 
an aromatic odor, boil at 39" and decompo.se at about 350".*) 
Occasionally it remains liquid for hours even at a temperature 
of 0". When it congeals, the ester forms a wax-like looking mass 
of radiating crystals. 

A product containing 98 p. c. of ester, when examined in the 
laboratory of Schimmel § Co., was found to possess the following 
properties: 


') Berl. Berichte a> (1887), 647. 
*) CompL rend. *7 (1868), 1049. 
") Grimaux, /6«/em, 1051. 
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M. p. 31^ to 32,5"; b. p, 195 to 200° (5mm.), 335 to 340° with 
decomposition (ordinary pressure);‘soluble with slight turbidity 
in 7,5 vol. of 90 p. c. and in 1 vol. of 95 p. c. alcohol. 

Cinnamyl cinnamate. 

C„H,CH.- CH • COOCH.,CH; CH • C.H,. 

The cinnamyl ester of cinnamic acid, also known as styracin, 
Ci.HjiiOj, is found in storax, also in the oils of hyacinth (?), 
xanthorrhoea resin, Peru balsam and Honduras balsam. 

When pure it constitutes shiny white crystalline masses 
which melt at 44°,') are insoluble in water, and rather difficultly 
soluble in alcohol. With water vapor the ester is diffieultly 
volatile. 

Of its derivatives the dibromide, C,H 5 CH;CH-COjCHj- 
CHBr CHBr C^Hj, which melts at 15r should be mentioned. 
According to Miller"), it is obtained by adding bromine to an 
ethereal solution of styracin until it is no longer decolorized. 
After 24 hours the white powder that has been deposited is 
removed by filtration, washed with ether and recrystallized from 
hot alcohol. 


Terpinyl formate. 

HCOOC,„H.;. 

Terpinyl formate possibly occurs in Ceylon cardamom oil, 
but its presence therein has not yet been definitely established. 
Artificially, the ester has been obtained by Lafont") who allowed 
two parts of tevogyrate turpentine oil to stand for several weeks 
with one part of crystallized formic acid. The product thus ob¬ 
tained revealed the following constants; 

B. p. 135 to 138° (40 mm,); d„. 0,9986; [o]„-69,25". 

Dextrogyrate turpentine yields the dextrogyrate ester with 
otherwise the same constants. 

') Miller, Liebig's Annalen IWt (1877), 202. 

") Liebig's Annalen 189 (1877), 344. 

'O CompL rend. 1011 (1888), 140; Bull. Soc. chim. 11.49(1888), 325. 

33» 
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Terpiny! acetate. 

CH,COOC,oH„. 

The acetate of terpineoi has been found only occasionally 
in volatile oils; the dextrogyrate ester in cypress oil and the oil 
of Malabar cardamom, the inactive in oil of cajeput. It possibly, 
occurs also in Siberian pine needle oil and in the German oil 
from the needles of Pinus silvestris, and in niaouli oil. However, 
reliable data are still wanting. 

Artificially, terpinyl acetate has been obtained by Bouchardat 
and Lafont') by heating a mixture of pinene and acetic acid for 
64 hours. According to Bertram*) this reaction is accelerated 
greatly by the addition of small amounts of an inorganic 
acid. Likewise from terpineoi and acetic acid anhydride a 
good yield of ester can be obtained by observing the proper 
conditions. 

Terpinyl acetate is a colorless liquid of a relatively faint 
odor. According to the character of its source it is dextrogyrate, 
lawogyrate, or optically inactive. According to Bouchardat and 
Lafont (loc. cit.) it boils at 110 to 115'’ under 10 mm. pressure; 
and at 220° under ordinary pressure, but with partial decomposi¬ 
tion. For a terpinyl acetate obtained by heating 1 vol. of oil of 
lemon with 1 Vs vol. of glacial acetic acid, Lafont") determined 
the following properties: 

B. p. 140'’ (40 mm.); d„. 0,9828; [«]„ 4 - 52’ 30'. 

In the laboratory of Schimmel ^ Co. technical products 
with a 90 p. c. ester content have been found to possess the follo¬ 
wing properties: ^ 

B. p. 90 to 94" (5 mm.); d.j. 0,9544 to 0,961; «j, f 0", n,«„. 
1,46526 to 1,46585; soluble in about 5 vol. of 70 p. c. alcohol. 
Terpinyl acetate is rather difficultly saponifiable. Hence a large 
excess of alkali should be used in quantitative determinations 
and the mixture should be heated for two hours, for otherwise 
values will be obtained that are too low. 

') Annal. d« Chim. et Phys. VI. 1« (1889), 244. 

‘) G,l.P.67255. 

») Annal. de Chim. et Phys. VI. 15 (1888), 153. 
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Bomy! formate. 

HCOOC„H„. 

Bornyl formate occurs in valerian oil and possibly in the 
oil of Achillea nobilis. It results upon the interaction of bomeoi 
on formic acid in the presence of some mineral acid.*) It is a 
colorless liquid with a strong but pleasant odor. According to 
the bomeoi employed, the ester is either dextrogyrate or la;vo- 
gyratc. The following constants have been recorded in chemical 
literature: 

d-Bornyl formate; 

B. p. 225 to 230";'^ 98 to 99’ (15 mm.); d,., 1,017»). 

B. p. 90" (10 mm.); d„. 1,013; «„+3r; n„„. 1,47078*). 

B. p. 106 to 108" (21 mm.), 90" (10 to I) mm.); d„. 1,027, 
d,j. 1,009; [«]„+48'’45'.») 

l-Bornyl formate: 

B. p. Kteto 108 (21 mm.); d„. 1,026, d,,,. 1,009; [4,-48''56' 
(Behai, loc. al). 

B. p. 97" (15 mm.); d;'!’ 1,0058; [«]|,-40,46V) 

B. p. 215"; [«]„—49" (4,55 p. c. solution in alcohol).') 

A technical product examined in the laboratory of Schimmel 
8| Co. and containing 98,8" p. c. ester had the following properties: 

B. p. 85 to 86“ (7 mm.); d„. 1,0126; «„-47"32'. 


Bornyl acetate. 

ch;cooc,„h„. 

This ester, which is a characteristic constituent of many 
coniferous oils, also occurs in several other oils. The dextrogyrate 
acetate occurs in the needle oil of Callitris glauca, the tevogyrate 
acetate in the needle oil of Abies alba, in the oil from the twigs 

>) Bertram, G.(.P.807tl. 

1 Bruylants, Bert. Berichte 11 (1878), 455. 

") Bertram and Walbaum, jouni. f. prakt. Oiem. II. 49 (1894), 7. 

*) Bertram and Walbaum, Arch, der Pharm. 831 (1893), 305. 

'*) Behai, Annal. de (3ilm. et Phys. VII. 99 (1900), 421. 

*) Tschugaeff, Berl. Berichte SI (1898) 1775. 

5 Minguin and de Bollemont, Compt. rend. ISl (1902), 609. 
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of A. canadensis, A. balsamea and Siberian pine needle oil, also 
in the oils of coriander, valerian and kesso root. The acetate 
has likewise been found in the following oils but observations 
as to its direction of rotation are wanting, viz., in the oil from 
the cones of Abies alba (?), the oil of Pinas montana, the oils 
from the cones and needles of Picea canadensis and P. rubens, 
the oil from the twigs and needles of Larix americana, in German 
and Swedish oils of Pinas siivestris (?), in the needle oil of 
Pitva nigra, and in the oils from Saiareja Thymbra, Thymas 
capitatus and golden rod. 

The artificial preparation of bornyl acetate affords no diffi¬ 
culty. It can be obtained when borncol is acetylizcd in the 
ordinary manner, also by heating borneol with anhydrous acetic 
acid in the presence of some sulphuric acid.') 

It is the only bornyl ester of a fatty acid which has thus 
far been obtained in a crystalline state. From petroleum ether 
it is obtained in handsome hemiedric crystals, which melt to a 
colorless liquid at 29'V') Molten bornyl acetate may remain 
in a liquid condition for a long time. Its aroma is typical of 
that of pine needles imparting to it its freshness and strength. 
The direction of rotation of the e.ster corresponds with that of 
the borneol. The following properties have been recorded; 

M. p. 29"; b. p. 98" (10 mm.); d„. 0,991; (r„-38"21'; 
n,„„. 1,46635;") b. p. 106 to 107” (15 mm.);*) 

B. p. 107" (15 mm.); d“" 0,9855; [«]„-44,40";■■) 

d„.0,9908; «„ -43"40'; n„j„. 1,46387; d„.0,9912; -q,-43"40'; 
n|,„„. 1,46446; soluble in 2,7 vol. of 70 p. c. alcohol; m, p. 28,5”; 
d,.,. 0,9912; ((|,|„. + 40"28'; n,,,,,,. 1,46397; soluble in 3 vol of 
70 p. c. alcohol.") 

In connection with two liquid commercial products Schimmel 
S Co. observed the following properties; 

d,,.0,9905; «|,-2”22'; and d„. 0,9901; «„ + 29"4'. 

') G.I.P. 80711. 

*) Bertram and Walbaum, Arch, der Pharm. 291 (1893), 3(4. 

") Bertram and Walbaum, Ibidem 305. 

*) Bertram and Walbaum, |oum. f. prakt. Chem. II. 4S (1894X 7. 

*) Tschugaeff, Berl. Berichte 91 (1898), 1775. 

“) Observations made by Schimmel 6 Co. 
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For the identification of bornyl acetate, fraction 220 to 230” 
is employed. It is strongly chilled and inoculated with a little 
solid bornyl acetate. If the desired results are not thus obtained, 
the sample in question is saponified and the components identified. 

Bornyl isora/e/ate. 

C,H.COOC„,H„. 

Bornyl /sovalerate occurs in oil of valerian and in kesso 
root oil. In the latter it is found in the lajvogyratc modification. 
Artificially it is obtained by the esterification of borneol with 
/sovaleric acid. It is a colorles,s, aromatic liquid, the odor and 
taste of which remind both of valerian and borneol. According 
to Bruylants') it boils between 255 and 260”. 

In connection with technical products .showing an ester content 
of 86 to 89" 0 , Schimme! 8i Co. observed the following constants; 

d„,.0,954to0,955; 34’25'to 35”3r; about 1,462; 

soluble in about 4 vol. of 80 p. c. alcohol. 

For its quantitative saponification, heating for two hours 
with a large excess of potassa is required. 

Bornyl /sovalerate is reputed to produce good results in all 
.sorts of nervous troubles, especially in nervous heart affection.s. 
It is also said to stimulate the appetite. 

Menthyl acetate. 

CH,COOC„H„. 

Menthyl acetate, a liquid having a peppermint-like odor, 
has thus far been observed only in oil of peppermint. It can 
readily be obtained by boiling menthol with acetic acid anhydride 
and some sodium acetate. Its properties are: 

B. p. 227 to 228”; d;".’0,925; [«]„ 79,26".*) 

d,.. 0,9296 to 0,9298; 72” 47'to-73” 18'; n„,,,. 1,44669 

to 1,44680; soluble in about 15 vol. of 65 p. c. and in about 6 vol. 
of 70 p. c. alcohol.*) 


‘) Berl. Berichte 11 (1878), 456. 

*) Kishner, |oum. russ. phys. chem. Ges. 37 (1895), 480. 
") Observation in the laboratory of Schimmel 6 Co. 
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Menthyl hovaferate. 

C,H.COOC,.H„. 

Up to the present time this ester has been found only in 
American peppermint oil. It is a colorless liquid the odor of 
which reminds of both components. Artificially it is obtained 
by the esterification of menthol with /sovaleric acid. In connection 
with technical products thus obtained and containing about 80 p. c. 
ester, Schimmel § Co. observed the following properties: 

d„. 0,9067 to 0,908; 56" 28'to-56" 51'; n„j,.1,44851 

to 1,44861; soluble in 5 to 7 vol. of 80 p. c. alcohol. 

This ester also is saponifiable with difficulty. For quantitative 
determinations the process of heating on the water bath with the 
excess of alkali should be extended over two hours. 

Menthyl /sovalcrate has been recommended as analeptic ' 
and antineuralgic. It is also reported to have been effective 
in the treatment of sea sickness. 


LACTONES. 

Lactones also have been found in volatile oils. Some of them, 
like sedanolid, coumarin, and hydrocoumarin arc characterized 
by a strong odor. Alantolactone and the lactone from 

peppermint oil have but a faint odor. 

In this connection only two of the most important, viz., 
coumarin and alantolactone, are to be considered. 


Coumarin. 


CH 



CH 


Hcl ^CO 

\/ 

CCH:CHCO 
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Coumarin (o-hydroxycinnamic acid anhydride), the 

odoriferous principle of the “Waldmeister" (Asperula odorata), 
is widely distributed in the vegetable kingdom. It was first ob¬ 
served in the tonka beans, the fruit of Dipteryx odorata in which 
it occurs in largest amount Later is was found in the ‘'Wald¬ 
meister”, also in dates, in Peru balsam, in the salikounda beans 
of Copeifera Salikounda, in lavender oil, in the bulbs of Vitis 
sessililolia, in the resin and bark of Ceratopetalum apetalum 
also in the following plants: Adiantum pedatum, A. peruvianum, 
A. trapeziforme, Anthoxanthum odoratum, Cinna arundinacea, 
Hierochloa alpina, H. australis, H. borealis, Milium eliusum, 
Aceras anthropophora, Angreecum iragrans, Migritella angusti- 
lolia. Orchis iusca, Orchis militarist^), Herniariaglabra, Achlys 
triphylla, Prunus Mahaieb, Ruta graveolens, Dipteryx odorata, 

D. oppositiioiia, D. pteropus, MelHotus aiba, M. altissima, 
M. hamata, M. leucantha, M. otiicinaiis, Chrysophyllum im- 
perialis, Peristrophe angustilolia, Alyxia stellata, Galium tri- 
ilorum, Spcrmacoce semicrecta, Liatris odoratissima, L spicata, 
Ageratum mexicanum, A. conyzoides, Eupatorium Ayapana and 

E. alricanum{?).') As melilotate, coumarin also occurs in Lind- 
saya cultrata and in Mclilotus oiiicinalis. Apparently coumarin 
does not always exist as such in the plant, but is frequently 
formed by ferment action since its odor often becomes noticeable 
only after drying. Synthetically it was obtained by Perkin*) by 
the action of acetic acid anhydride and sodium acetate on salicylic 
aldehyde. However, it is also obtained by other methods and 
in recent years has constituted an important article of chemical 
industry. 

Coumarin forms colorless, shiny laminae or rhombic prisms 
and possesses a pleasant, spicy odor and a bitter taste. In 

‘) Literature: Bley, Arch, der Pharm. US (1857), 32; Poulaen, BotZentraibl. 
ir> (1863), 415; Lojander, just Jahresbericht 1887, Bd. 1.181; Molisch and Zeisei, 
Bericbte d. deutsch. botan. Gesellschaft 6 (1888), 353; Greshoff, Berichte d. 
deutsch. pharm. Ges. 9 (1899), 214; Peckolt, Zeitschr. d. allg. osterr. Apoth. Ver, 
SI (1893), 829; Molisch, Apotheker Ztg. 17 (1902), 45, 137; Busse, Berichte d. 
deutsch. pharm. Ges. 14 (1^), 205; Peckolt, Ibidem 45; Senft, Pharm. Zentralh. 
45 (1904), 599; Tschirch, /bii/em 46(1905), 803; Schimmel's Bericht April 1889,46; 
October 1889, 58; Report of Schimmel h Co. April 1890, 66; October 1906, 79; 
April 1902, 93. 

>) Berl, Berichte 8 (1875), 1599. 
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extreme dilution its odor resembles that of new mown hay. 
According to Zwenger and Dronke it melts at67\’) Schimmcl § Co. 
observed the melting point of 69 to 70’ in connection with the 
best commercial products. It sublimes without decomposition 
and boils at 290,5 to 29r.'0 

Coumarin dissolves difficultly in cold, somewhat more readily 
in hot water, easily in alcohol, and ether and in volatile and 
fatty oils. As to its solubility in alcohol of different strengths, 
Schimmcl 8| Co. have made the observations recorded in the 
following table.") 


100 parts alco/iol 

at 0’ C. 

al16to17"C. at20to30"C. 

of 90 vol.-percent. 

1 7,1 parts 

13,7 parts 

42,5 parts 

of 80 vol.-percent. 

1 6,0 parts 

12,3 parts 

38,3 parts 

of 70 vol.-percent. 

4,4 parts 

9,1 parLs 

26,0 parts 

of bO vol.-percent. 

I 3,2 parts 

6,0 parts 

16,0 parts 

of 50 vol.-percent 

} 1,7 parts 

3,4 parts 

8,9 parts 

of 40 vol.-percent 

0,7 parts 

1,5 parts 

3,9 parts 

of 30 vol.-percent 

0,3 parts 

0,6 parts 

1,7 parts 

of 20 vol.-percent 

0,2 parts 

0,4 parts 

0,8 parts 

of 10 vol.-percent. 

0,15 parts 

0,25 parts 

0,5 parts 

too parts water 

0,12 parts 

j 0,18 parts j 

0,27 parts 


When boiled with concentrated potassa solution, coumarin is 
hydrolized to o-coumaric acid, HO • C„H, • CH; CH ■ COOH, which 
melts at 207 to 208°. When fused with potassium hydroxide it 
yields salicylic acid (m. p. 156 to 157°). When reduced with 
sodium amalgam, mclilotic acid, HO-C,H,CHj'CHj-COOH 
(m. p. 81”) is obtained, whereas reduction with sodium and alcohol 
yields a phenol alcohol, o-hydroxydihydrocinnamic alcohol, the 


') Uebig’s Annalen O (1862), 148. 

“) Perkin, Liebig's Annalen 14! (1868), 232. 
') Report of Schimmel S Co. April IN#*, 66. 
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benzoyl compound of which melts at 99 to lOO".*) Bromine adds 
to form dibromcoumarin melting .at 100°.*) 

Coumarin and its solutions should be kept in a cool, dark 
place. In the course of even a few weeks light colors it yellow 
with polymerization to hydrocoumarin melting at 262°,■') which 
is an odorless compound difficultly soluble in alcohol. 

When ascertaining its purity, the determination of its mel¬ 
ting point is of first importance, then that of its solubulity in 
various solvents. Adulteration with acetanilid has been observed 
repeatedly. A method for the quantitative determination of 
coumarin in the presence of vanillin and acetanilid has been 
worked out by Winton and Bailey.*) 

Alantolactone. 

/O 


The commercial hclenin,') also known as alant camphor, is 
chemically alantolactone and is the principal constituent of the 
oil of elecampane root (from Inula Heknium). 

Kallen") originally regarded it as alantic acid anhydride, 
whereas Bredt and Posth') recognized its lactone character and 
changed the name accordingly to alantolactone. 

Recrystallized from dilute alcohol, alantolactone is obtained 
in colorless, prismatic needles which melt at 76°") and which 

‘) Semmler, Berl. licrichte !!!) (1906), 2856. 

“) Perkin, Liebig’s Annalen 1"‘)7 (1871), 116. ^ 

") Ciamician and Silber, Berl. Berichte !!•> (1902), 4130; .SO (1903), 4266. 

‘) Pharmaceutical |ourn. 75 (1905), 476. 

“) The name helenin is applied to no less than three dilferent substances. 
Gerhardt [Annal. de Chim. et Phys. 11. 73 (1839), 163 and 111. 18 (1844), 188) 
Liebig’s Annalen :M (1840), 192 and 62 (1844), 389] applied the name to his 
impure alantolactone. Kallen [Berl. Berichte 8 (1873), 1506; compare also 
Kallen, Ober Almtolacton and die Aniagemng von Bkuslure m ungesittigte 
Lactone, Inang.-Dissert. Rostock 1895] applied it to an impure alantolactone 
contaminated with traces of oil of elecampane. Finally, the name is also 
applied to the inulin of the elecampane root The helenin of commerce is 
well nigh pure alantolactone. 

«) Berl. Berichte 9 (1876), 154. 

’) Liebig’s Annalen 8S5 (1895), 349. 

“I Most of the commercial products reveal a somewhat lower melting point 
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possess a slight odor and taste. It sublimes when only moderately 
heated and boils at 275° with partial decomposition. Under 
10 mnl. pressure it boils at 192°.') Even in hot water it is but 
sparingly soluble, but readily in alcohol, ether, chloroform, glacial 
acetic acid, benzene and petroleum ether. Cold sodium carbonate 
solution does not dissolve it. When gently heated with dilute 
alkalies it dissolves forming solutions of the salts of the cor¬ 
responding hydroxy acid, the alantic acid, CjiH^j-OH-COOH. 
From these solutions the lactone is precipitated upon the addition 
of mineral acids. Characteristic derivatives of alantolactone are 
its monochlorhydrate, m. p. 117°, the monobromhydrate, m. p. 106°, 
the dichlorhydratc, m. p. 127 to 134", and the dibromhydrate, 
m. p, 117°. 

Alantolactone is accompanied by a small amount of a sub¬ 
stance which Kallen designated helenin and which was later 
isolated by Sprinz^) and studied more carefully by him. Because 
of the same elementary composition with alantolactone, Cj^H^jOj, 
and because of its chemical behavoir, Sprinz has named this 
compound /soalantolactone. When pure it forms white prisms 
which melt at 115°, and which dissolve in benzene, ether, chloro¬ 
form and absolute alcohol. In contrast to the behavior of alanto¬ 
lactone, it crystallizes unchanged from hot soda solution, it is 
only after boiling for about 5 to 6 hours that it is changed to 
the sodium salt of /soalantolic acid which is precipitated from 
the solution when acidulated with hydrochloric acid. When 
melted this loses water and is reconverted to /soalantolactone. 

Medicinally, alantolactone is used as internal antiseptic. 
Added to urine it prevents putrifaction even in dilutions of 
1 : 10000 . 


’) Bredt and PosUi, Liebig's Annaien S85 (1895), 349. 
«) Arch, der Phatm. 2*9 (1901), 201. 
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OXIDES. 


Oxides have been found in volatile oils in isolated cases 
only, those of the aliphatic series having not yet been observed. 
Of synthetic products, however, several are known. Of special 
importance is the pinol, C,,Hi,0, which is closely related to 
to pinene. 

It is obtained as a by-product in the preparation of pinene 
nitrosochloridc. It is also formed when pinolhydrate (sobrcrol) 
is heated with dilute sulphuric acid‘) or terpineol dibromide with 
sodium alcohoiate.’) 

According to Wagner and Slawinsky,") an optically active 
pinol can be obtained when hypochlorous acid is allowed to act 
on pinene and subsequent reduction of the c/s-pinolglycol-2- 
chlorhydrin, in alcoholic solution, with zinc dust. 

Pinol is a liquid which boils at 183 to 184° and possesses 
an odor resembling that of cineol and camphor. dj„. 0,9455; 

1,47096. It is very stable toward reducing agents and can 
be distilled over sodium without decomposition. When oxidized 
with permanganate or dilute nitric acid it is converted into terebic 
acid (m. p. 175 to 176°). Inorganic acids react with pinol forming 
cineol. Bromine is added forming a dibromide which melts at 94° 
and which is suited to its identification, 

Another artificially prepared oxide is the 

1,4'Cineol which, together with terpineol, is formed when 
1,4-terpin is heated with oxalic acid. It is a liquid which boils 
at 172 to 173° and which, unlike cineol, does not congeal when 
cooled, d 0,987; n 1,4485.') 

Prileschajew") has succeeded in preparing the oxides of a 
number of so-called terpene alcohols, and other terpene compounds 
the properties of which are indicated in the following table: 


‘) Watlach, Liebig's Annalen 2.)# (1890), 315. 
<) Waiiach, Ibiiem 271 (1893), 115. 

“) Berl. Berichte 32 (1899), 2070. 
q Waiiach, Liebig's Annalen 35« (1907), 205. 
') Berl. Berichte 42 (1909), 4811. 
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boil, point 

Geraniol 

157 to 168° 

monoxyde 

(25 mm.) 

Geraniol 

180 to 183° 

dioxyde 

(25 mm.) 

Linaiool ' 

95° 

monoxyde | 

(25 mm.) 

Linaiool 1 

131 to 133" 

dioxyde | 

(25 mm.) 

Citral j 

146 to 148° 

oxyde j 

(20 mm.) 

Citronellal' 

130 to 131° 

oxyde | 

: (25 mm.) 

Limonene jlllSto 114'’| 
monoxyde ji (50 mm.) I 

Limonene 

i 146,5 to 

dioxyde 


Pinene ii 102 to 103" I 

oxyde j 

1 (50 mm.) 1 


d"" ■ dW 

“o* “lO- 


0,9716 0,9610 

I 

i 

1,058?! 1,0472 

I 

0,9660 j 0,9507 
1 , 0552 ! 1,0423 


1,0091 


I 

0,97401 


0,9437 0,93441 
0,9435'0,9303 
1,047111,0338 
0,9812! 0,9689 


I'm#'’ ' 


1,4681 

1,4653 

1,4554 

1,4616 

1,4604 

1,4421 

1,4693 

1,4702 

1,4708 


, When hydrated, a glycerol, 

I b. p. 205 to 207 ” (20 mm.) results 

I When hydrated, a glycerol oxyde, 
'b.p.220°(i5inm.),m.p.137tol38“ 
results 

|n)o—4,08“. Hydration yields a two- 
fold unsaturated aldehyde, 
b. p. 120 to 122'’ (25 mm ), nt. p. of the 
itcmicarbazone 1^,5 

When hydrated, there results a 
glycerol oxyde, b. p. 210 to 212’’ 
(25 mm.) 

When hydrated, there results a 
glycol aldehyde, b. p. 141 to 142 ’ 
(24 mm.) 

Upon hydration there results a 
glycol aldehyde, b. p. 180 to 182 ^ 
(18 mm.) 

[n],,—6,76". Upon hydration 
there results a glycol, m. p. 66,5 
to 67,5". 

I“Jd + 02,23'’. Upon hydration 
there results an amorphous 
erythrol, b. p. 220'’ (23 mm.) 

Mu—92 ’. Upon hydration 
pinol hydrate results. 


Wellnigh the only oxide which occurs in volatile oils is cineol. 


Cineol. 

CH, 

I 



C 

'\ 

H,C CH, 
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Cineol (eucalyptol), C,„H„0, is very widely distributed. It 
is the principal constituent of the oil of Eucalyptus Globulus, 
of cajeput oil, niaouli oil and of the oil of wormsecd. In varying 
amounts it has also been found in American wood turpentine oil, 
|ava "lemon olie", safran oil, oil of zedoary oil of galangal, 
ginger oil, oil of paradise grains (?), Ceylon, Bengal, Malabar and 
Kamarun cardamom oil, in the oil from the fruit of Amomum 
Mala, in matico oil, betel oil, star anise oil, in Japanese star 
anise oil, magnolia oil, kobuschi oil, boldo leaf oil, camphor oil, 
in the oil from the leaves of Ijurus Camphora, in cinnamon 
root oil, in the bark oil from Cinnamomum Oliver!, in nikkei 
oil, in apopin oil, in laurel leaf oil, in the oil of laurel berries, 
in the leaf oil from Tetranlhcra polyantha var. citrata, in the 
oil of Umbellularia californica, in the bark oil of Ocotea usam- 
harensis, in kuromoji oil, in carqueja oil, in the oils of rue, 
canella alba, myrtle, cheken leaf, and pimenta, in the oils of 
Melaleuca acuminata, M. linariitolia, M. nodosa, M. thymilolia 
and M. uncinata, in the oils of Eucalyptus acmenioides, E. allinis, 
E. albens, E. aniygdalina, £ angophoroides, E. apiculata, 
E. Bwucricni, E. Behriana, E. bicolor, E. Bosistoana, E. bo- 
tryoides, E. bridgesiana, E. Cambagei, E. camphora, E. capifel- 
lata, E. carnea, E. cinerea, E. cneorilolia, E. conica, E. cordata, 
E. coriacca, E. corymbosa. E. crebra, £ Dawsoni, E. dcalbata, 
E.dumosa, E.eugenhides, E.iastigata, E. fraxinoides, Egonio- 
calyx, E. gracilis, £. hwmastoma, £. hemilampra, £. hemiphloia, 
£. intermedia, E. lactea, £. long!folia, E. Luehmanniana, E. mac- 
rorhyncha, E. maculata, E. maculosa, £. Maideni, £. melano- 
phloia, E. melliodora, E. microcorys, E. microtheca, E. Morris!!, 
E. nigra, E. obliqua, E. odorata, E. oleosa, £. oreades, £. ovali- 
lolia, E. 0 . var. lanceolata, £. paludosa, £. paniculata, E. pen- 
dula, £. piperita, £. polyanthema, E. polybractea, E. popuHfoUa, 
£. propinqua, E. pulverulenta, E. punctata, E. p. var. didyma, 
E. quadrangulata, £. radiata, E. resinifera, E. Risdoni, £. robusta, 
E. Rossei, £. rostrata, E. r. var. borealis, £. rubida, £. saligna, 
£. siderophloia, E. sideroxylon, £. s. var. pallens, E. Smithii, 
£. squamosa, E. stricta, £. Stuartiana, £. tessellaris, £. tereti- 
cornis, £. f. var. linearis, £. trachyphhia, E umbra, E. viminalis, 
£. V. var. « virgata, E. viridis, £. vitrea, E. Wilkinsoniana and 
£. Woolsiana, in the oils from the leaves of Vitex Agnus Castus, 
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and V. trifoUa, in the oils of rosemary, lavender and spike, also 
in the oils of Uvandula dentata, L pedunculata, L Stoschas, in 
sage oil, in Spanish majoran oil, in American, French and Russian 
peppermint oils, in spearmint oil, in java- and Reunion basilicum 
oil, in the oils of Blumea balsamifera, Osm/fopsis asteriscoi- 
fifes (?), Achillea millefolium, A. moschata, Artemisia vulgaris, 
A. frigida, A. Herba-aiba, A. Leudoviciana and in yomugi oil. 

The preparation of this substance from oils, such as the oil 
of Eucalyptus Globulus rich in cineol is not difficult, since the 
cineol, purified as carefully as possible by fractional distillation, 
crystallizes in the cold. For the identification or isolation of small 
amounts of cineol, the hydrogen chloride addition product, or 
better still that with hydrogen bromide, is resorted to. Upon 
decomposition with water both yield cineol. 

As a product of molecular rearrangement, cineol results when 
terpineol, or terpin hydrate, is boiled with dilute acids. 

Pure cineol is a colorless, optically inactive liquid, the odor 
of which resembles that of camphor and which crystallizes 
in the cold. For the cineol regenerated from its chlorhydrate, 
Wallach*) observed the following constants: 

B.p. 176; d„. 0,9267; nj, 1,45839. 

In connection with products obtained on a technical scale, 
Schimmel S Co. observed; 

Congealing point about +1°; m. p. between +1 and 1,5°; 
b.p. 176tol77’(764mm.); d„,0,928to0,930; n„a,.. 1,456to 1,459; 
soluble in about 12 vol. of 50 p. c., in 4 vol. of 60 p. c. and in 
1,5 to 2 vol. of 70 p. c. alcohol. 

Cineol yields ‘characteristic, loose addition products with 
bromine, iodine, chlorine and hydrogen bromide,*) phosphoric 
acid, arsenic acid, «- and |f-naphthol, iodol and resorcinol. Some 
of them can be utilized for isolating and characterizing cineol. The 
resorcinol compound is also adapted to the quantitative deter¬ 
mination of cineol. (Compare the chapter “The examination of 
volatile oils”.) Dehydrating agents convert cineol into dipentene,*) 


') Liebig's Amalen StS (1888), 195. 

<) Liebig's Annalen 2S5 (1884), 300, 303; 380 (1885), 227; 340 (1888), 280. 
*) Wallach and Brass, Liebig's Annaien 335 (1884), 310. 
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other suitable reagents convert it directly into derivatives of 
dipentcne. Thus e. g. dipentene dihydriodide results when dry 
hydrogen iodide is passed into cineol. The oxygen of the cineol 
is of the oxide type, hence it does not react with hydroxylamine 
or phenylhydrazine, neither does metallic sodium act on it. Hence 
cineol can be distilled without decomposition over metallic sodium. 

When oxidized with potassium permanganate and the aid 
of heat, cineol yields the dibasic cincolic acid,*) CnH^O,, 
m. p. 196 to 197°. Acetic acid anhydride dehydrates this dibasic 
acid to its anhydride, which, in turn, upon destructive distillation 
yields methyl heptenone, C^Hi^O, which likewise occurs in nature. 

Toward reducing agents cineol is very stable. Molle") found 
that hydrogen iodide only will reduce it. When heated with this 
reagent for an hour in a sealed ■ tube to 220 to 225' with the 
addition of metallic mercury as iodine binding agent, cineol yielded 
a hydrocarbon C,||Hj, (b. p. 165 to 170"; d,^. 0,8240; «|, l 0"; 
n„ 1,45993) which Molle named cineolene, and a polymeric hydro¬ 
carbon (C,„H„)„. 

Cineol has a characteristic odor which usually directs 
attention to its presence in mixtures. For its ready detection 
Hirschsohn’s**) iodol reaction can be employed. A small amount 
of iodol is dissolved with the aid of gentle heat in a few drops 
of the oil to be tested. If cineol be present the cquimolecular 
addition product of the components erystallizes out. Recrystallized 
from alcohol or benzene this melts at about 112°.') 

If cineol is to be isolated as such, dry hydrogen bromide 
is passed into the well cooled petroleum ether solution (equal 
volumes) of the cineol fraction. The white crystalline precipitate 
resulting is removed by suction and washed /lith petroleum ether. 
The hydrobromide thus obtained is fairly stable, melts at 56 to 57". 
Water readily breaks it up into cineol and hydrogen bromide. 

In the presence of a sufficient cineol content, resorcin can 
be used to adventage for its isolation. For this purpose the 

') Wallach and Oildemeister, Liebig's Annalen 246 (1888), 268. 

9 Dber die Zusammensetziing des Stherischen LorbeerOles and zur 
Kenntnis seines Hauptbestandteils, des Cineols, Inaug.-Dissert. Basel 1904, 
p. 62. Comp, also Thoms and Molle, Arch, der Pharm. 242 (1904), 181. 

*) Pharm. Zeitschr. f. Russland 32 (1893), 49, 67. 

') Bertram and Walbaum, Arch, der Pharm. 28.-| (1897), 178. 

CiLDenustra, Tut voiatii.I' oils. 34 
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cincol fraction is stirred with two volumes of a 50 p. c. resorcinol 
solution. If necessary a small amount of cineol resorcinol is 
added. The resulting addition product, consisting of 1 mol. 
resorcinol and 2 mol. cineol,') is removed by suction, pressed 
between filter paper and decomposed with alkali. Cineol resorcinol 
crystallizes in needles that melt at about 80". They are readily 
soluble in alcohol, ether and benzene, but very difficultly in 
petroleum ether and water. It is relatively much more stable 
than the addition product of phosphoric acid to cincol, which is 
also u.scd for the isolation of the latter. However, it also 
decomposes gradually with the liberation of cineol when exposed 
to the air more readily in vacuum - so that finally resorcinol 
alone remains. The same change can be observed when cineol 
resorcinol is heated with water or petroleum ether,-') or even 
when the compound is washed with these solvents. Dry and 
well crystallized, cincolresorcinol can be obtained by crystallizing 
1 part of resorcinol from 10 parts of cincol (Baeyer and Villiger, 
/or', cit.). 

Tor further characterization cineol can be oxidized with 
potassium permanganate to cineolic acid. 

Cineol possesses antiseptic properties. In medicine it finds 
external as well as internal application, the latter e. g. as vermifuge. 
Toxic results have been observed in connection with cincol or 
eucalyptus oils only then when larger amounts were administered. 

The only other oxide found in volatile oils is the CdrUnd 
oxide, C„H||,0, which con.stitutcs the principal constituent of 
the carlinc thistle. It is probably phenyl-l-«-furyl-3-allene.'‘) 

B. p. 167 to 168 (20 mm); d|; 1,066; «„ i 0"; n,, 1,586. 

When oxidized with potassiumpermanganate, it yields quanti¬ 
tatively benzoic acid; when reduced with sodium and alcohol, 
tctrahydrocarlina oxide, C,„HnO, which is oxidized by potassium 
permanganate to ;'-phcnyibutyric acid, m. p. 52". 

*) Baeyer and Villiger, Berl. Berichte Sti (1902), 1209. 

h Report of .Schiminel Zl Co. October ISnt, 47 . 

’) Seminler, Bert. Berichte Si) (I90e), 726; Semmler and Ascher, Ibidem 
44 (1909), 2355. 
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NITROGEN. AND SULPHUR.CONTAINING . 
COMPOUNDS. 

Compounds containing nitrogen or sulphur are frequently 
obtained during the distillation of such parts of plants which 
are rich in albuminous substances (protoplasm) or similar 
bodies, e. g. during the distillation of fresh herbs and seeds. The 
readily volatile compounds, ammonia, trimethylamine, sulphuretcd 
hydrogen and hydrocyanic acid largely escape during the process 
of distillation. Smaller amounts are dissolved in the aqueous 
distillate. Rarely do they enter into combination with constituents 
of the volatile oil in the preparation of which they are produced. 

Ammonia is produced during the distillation of many drugs, 
e.g. that of cubebs, pepper, pimento, ginger, 8ic. Moslinger') 
found ammonia in the aqueous distillate of heracleum oil. 

Narcotic smelling bases were observed by Schimmel h Co. 
in connection with caraway oil and the oils of other umbelliferous 
fruits-), also in connection with patchouli oil“) and the oil of 
Hawsma pukhellum.*) 


NITRILES. 

Hydrocyanic acid. 

The principal representative of the nitriles is that of formic 
acid, viz., hydrogen cyanide, HCN. It is formed during the 
production of the oils of bitter almond and cherry laurel, but 
also occurs in the distillates of a large number of plants.'’) 

Liebia's Annalen 1H5 (1877), 37. 

‘) Report of Schimmel & Co. April lIWi, 20. 

•) a/aem April im, 70; April IHflS, 60. 

’) /ik/em April liRMI, 95. 

h Verslag omtrent deti staaf van's landa Plantcntuin te liuitemorg over 

het iaar 18S0, 29; IN87, 37; Greshotl, Distribution of prussic acid in the 
vegetable kingdom, British Association, York 1906-, Arch, der Pharm. 
(190b), 397,665; Weehuijen, Pharm. Weekblad« (1906), 907; Guignard, Compt 

34* 



532 


PRINEIPAL CONSTITUENTS OF VOLATILE OILS. 


According to data found in phytochemical literature the following 
plants yield hydrogen cyanide only: Hygmphorus agathomas, 
H. a-rasinus (?), Marasmhis oreadcs, Pholiota radicosa, Russula 
la'tens, Cymnogramme aurea, species of Lastrea and Athyrium, 
Triglochin palustris, T. maritima, Scheuchaeria palustris, Gly- 
a‘ria aquatka, Sorghum halc/H;nse, A nigrum, S. vulgare, Stipa 
hastrkina. Si. Ivpioslachwi, St. tortiUs, Gynerium argenleum, 
Mi'lka allissima, M. dliala, M. nutans, M. uniflora, Zea Mays, 
Hriza minor, lamarkia aurva, Holcus lanatus, Pua pratensis, 
rvstuca Poa, Arum m.iculalum, Alocasia Veitchii, Colocasia 
gigantva, Cyrtosperma lasioidvs, C Mcrkiisii, l.asia aculeata, 
/.. ZoUingvri, Sali.x likindra (amygd.ilin.i), Sponia virgata, 
Aquikgia chrysaniha, A. vulgaris, Thaiictrum aquilegilolium. 
Ranunculus arvensis, R. rc/Kms, Nandina domeslica, Lepidium 
sativum (<), Rihes .lurcuin, R. rubrum, Grossularia nigrum, 
Lotus arahicus, I.. australis, Phasenlus lunatus, P. Mungo, 
Ciccr arklinuni, DoUchos labial), Liniim /Htrcnnc, /.. usita- 
lissimum. Citrus mcdica(l). Chailklia cymosa, liridclia ovata, 
Llatvrios/)crmum T.yyos, llcvca brasilknsis, H. Spruceana, 
jatropha anguslidens, Manihot liankensis, M. Glaziovii, M. 
p,)lm,ila, M. utihssinia, Ricinus communis, Rurrimia ceylanka, 
Cupania spec., Rluimnus franpula, Stcrculia spec., Q\nocardia 
odor.ita, HydmKarpus alpina, H. anthelminthic,i, H. inchrians, 
Riggclaria airkana, Pangium cciamense, P. cdule, Ryparosa 
ausia, R. longipcduncukta, Taiaklogcnos lilumd, T. Rurzti, 
Tridutdenia ciyl.inka, Psidium monl,vtum{<), Combrelum con- 
strictum (?). fioni.ilium (lilackwcilia) lomcntosum, Tacsonia spec., 
T. Van-Voixemii, Modccca Wighliana, Ophiocaulon gummikr, 
P.issillora alaUi. P. avruica, P. cdulis, P. kvtida, P. hybrida, 
P. hiurilolia, P. maculata, P. Prinaps, P. quadrangularis, P. 
suherosa, Iponnva obscura, Isonandra (B.issia) Mottkyanai^), 
P.nvna lalilolia, Merremia vililolia, Osmohydrophora noc- 
turnaff), ,^pk)t,rxisc,mdic,ws. Centaurua montana, C. solstitialis, 
Pvrethruni c.tucasicum, Dimorpholcca pluvialis, Cirsium arvense. 

rLMid. IW (IPOb), 4jl; tierisscy, |ourn dc Pliarm. et Chim. VL 24 (1906), 350, 
5.37; (itRchy, ibidem Hebert, Bull. Soc. chim. HI, S5(1906), 9(9; Bertrand, 
Coinpt. rend. 14.1 (lOOo), ,132; Guijjnard, Bull. Sciences pharmacol. Cl (1906), 
603; Dunstan and Henry, Aiinal. de Chim. ct Phys. 10 (1907), 111; Greshoff, 
Hharni. WcekbKtd 45 (1908). 770. 
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Hydrocyanic acid and benzaldchydc are yielded by the follo¬ 
wing plants: Pteris aquiUna, Panicum maximum, P. mutkum, 
Ximenia americana, Amelanchicr alnifolia, A. canadensis, A. 
vulgaris, Chanixmcles coriacea, Crataegus orientalis, C. oxy- 
acantha, Eriobotrya japonica, Nutlallia cerasilormis, Ostcomelcs 
spec,, Photinia arbutilolia, P. Benthamiana, P. serrulata, P. vari- 
abilis, Pyrus americana, P. Aria, P. Aucuparia, P. Cydonia, 
P. germanica, P. japonica, P. Malus, P. mespilus, P. pinnatilida, 
P. Pingo, P. speclabilis, P. torminalis. Primus adenopoda, P. 
americana, P. Amygdalus, P. alleghaniensis, P. Armeniaca, 
P. avium, P. Besseyi, P Capollin, P. caroliniana, P. Cerasus, 
P. Chamaxerasus, P. divaricata, P. dnmestica, P. javanica, 
P. Lwrocerasus, P. lusilanica, P. nana, P. occidentalis, P. Padus, 
P. panicuLita, P. pcndula, P. pennsybanica, P. Puddum, P. 
serolina, P. sphivrocarpa, P. spinosa, P. subhirlella, P. undulala, 
P. virginiana, P. Persica, Cotoneaster allinis, C. bacillaris, 
C. buxilolia, C. liancheli, C. Irigida, C horizonialis, C. inle- 
gerrima, C. microphylla, C. mulliflora, Cpanosa, C Ihymmfolia, 
EKOchorda Alberti, bjerria j.aponica, Neviusia alabamensis, 
Pygeum alricanum, P. latilolium, P. parvillorum, Spinca 
Aruncus, S. j.iponica, S. bjneillii, S. lindleyana, »S. prunilolia, 
S. sorbilolia, Phodotypos kerrioides, iitranvwsia glauivscens, 
Indigoleragalegoides, ViciaangustHoIia, t'. c.madensis, V. hirsuta, 
I', macrocarpa, sativa, Corynocarpus kvvigala, Schleicheria 
trijuga, Ecbinncarpus Sigun, l.ucuma Bnnplandia, mammosa, 
/,. pomifera, Memccvlon spec., Iponwa dissccl.i, I. sinuata, 
I. vitilolia, Cymnema latilolium, Sambucus nigra, Plcctronia 
dicocca, Chardinia xeranthemoides, Xeranthemum annuum, 
X. cylindricum. • 

The presence of hydrocyanic acid is ascertained in the 
ordinary manner by means of the Prussian blue test. To a small 
amount of the distillate arc added first a few drops of caustic 
soda solution and then a few drops of ferrous sulphate solution 
containing ferric salt. The mixture is once more thoroughly 
shaken and acidified with dilute hydrochloric acid. The precipitate 
of ferrous and ferric hydroxides is thus dissolved and in the 
presence of hydrocyanic acid, the characteristic blue precipitate 
of Prussian blue reveals itself. The reaction is so delicate that 
even the .smallest traces of hydrocyanic acid can thus be detected. 
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Por the rapid detection of hydrocyanic acid in a plant the 
observation of Mirande') can be utilized. Under the influence 
of ana:sthetics, such plants as contain hydrocyanic acid in 
complex combination, set free hydrogen cyanide, the presence 
of which can be detected by means of sodium picratc paper,*) 
which is colored red by hydrogen cyanide. 

Por the quantitative determination of hydrogen cyanide sec 
the chapter on "The examination of volatile oils”. 

Hydrogen cyanide does not occur as such in most plants 
but is contained in them in the form of a glucoside, of which 
amygdalin is the most common. 

In plants amygdalin is accompanied by the ferment emulsin, 
which, in the presence of water, hydrolyses the glucoside to 
benzaldchyde, glucose and hydrogen cyanide: 

C„H,;NO„-f 2H,,0:-C„H„ CH0 I HCN : 2C„H,,0,, 

In recent years much attention has been directed to amyg¬ 
dalin and its hydrolysis by means of emulsin. The rather compli¬ 
cated relationship cannot here be discussed. Suffice it to refer 
to the original literature on this subject.*) 

In addition to amygdalin a number of other gluco,sides arc 
known which upon hydrolysis yield hydrogen cyanide, viz.: coryno- 
carpin, dhurrin, gynocardin, lauroccrasin, linamarin (— phasc- 
olunatin(?), lotusin, manihotoxin, prulaurasin, sambunigrin and 
vicianin. 

Other nitriles occurring in volatile oils arc those of phenyl- 
acetic acid, of phenylpropionic acid and of vinylacetic acid. 

') Compt. rend. I4» (1909), 140, 

‘) Guitiiiard, Ihidum 142 (1906), 552. 

”) Van Rijn, Hie Glycoside. Berlin 1900; Walker, |oum. chem. Soc. sit 
(1905), 472; Dakin, |ourn, chem. Soc. No (1904), 1512; Bourquelot and Herissey, 
lourn. dc Pharm. el Chim. VI. 21! (1907), 5; Caldwell and Courtauld, )ourn. 
chem, Soc. #1 (1907), 666, 671; Hdrissey, |oum. de Pharm. et Chim. VI. 21! 
(1907), 194,198; Arch, der Pharm. 247. (1907), 638,641; Feist, Ibidem 246 (1908), 
206, 509; Rosenthaler, Ibidem 365; Auld, journ. chem. Soc. lEI (1908), 1251, 
1276; Rosenthaler, Arch, der Pharm. 246 (1908), 710; Biochem. Zeitschr. 14 
(1908), 238; 1! (1909), 257; Auld, )oum. chem, Soc. #5 (1909), 927; Feist, 
Arch, der Pharm. 247 (1909), 226, 542; Bourquelot, journ. de Pharm. et Chim. 
VI. 2!) (1909), 576; Tulin, journ. chem. Soc. lO (1909), 663; Walker and Krieble, 
Ibidem 1369, 1437. 
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Phenylacetic add nitrile, Benzyl cyanide, C,H5CH,CN. 
according to A. W. Hofmann, is the principal constituent of the 
oil of Tropxolum majus,') also of that of Lepidium sativum.^ 
It is probably also contained in neroli oil. 

Gadamer'') has since shown that the observations of Hofmann' 
with regard to Tmpxolum majus are only conditionally true. 
When properly distilled, this plant yields benzyl mustard oil. 
The formation of benzyl cyanide is due to improper methods. 
(For further details see the oil of Tropasolum majus.) 

Benzyl cyanide boils at 231 to 232” and at 18” has a specific 
gravity of 1,0146. When hydrolysed it yields phenylacetic acid, 
m, p, 77”. 

Phenylpropionic acid nitrile, C„H,CH,CHjCN, is the 
principal constituent of water cress oil (Nasturtium olficinalc).*) 
It boils at 261” and when acted upon by alkali is converted into 
phenylpropionic acid which melts at 47°. 

Vinylacetic acid(Crotonic acidjnitrile. Ally! cyanide, 
CH 5 :CH'CH.,CN, traces of which arc always found in mustard 
oil, can be obtained in larger amounts by careless distillation 
as decomposition product from allyl /sothiocyanide. In as much 
as allyl cyanide is light (d,„. 0,835), the presence of larger amounts 
of this substance would be revealed by a depression of the specific 
gravity of the mustard oil. 


NITRO COMPOUNDS. 

Nitrobenzene. 

C.H.NO,. 

This compound, also known as oil of mirbane, which is 
prepared in large quantities, principally for the dye stuff industry, 
is also used in perfumery as a cheap substitute for oil of bitter 

■) Berl. Berichte t (1874), 518. 

•) tbiinm 1293. 

’) Arch, der Pharm. 287 (1899), 111. 

*) A. W. Hofmann, toe. cit 520. 



534 


Principal constitubnts of volatile oils. 
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but is contained in them in the form of a glucoside, of which 
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In plants amygdalin is accompanied by the ferment emulsin, 
which, in the presence of water, hydrolyses the glucoside to 
benzaldchyde, glucose and hydrogen cyanide: 

C„H,;NO„-f 2H,,0:-C„H„ CH0 I HCN : 2C„H,,0,, 

In recent years much attention has been directed to amyg¬ 
dalin and its hydrolysis by means of emulsin. The rather compli¬ 
cated relationship cannot here be discussed. Suffice it to refer 
to the original literature on this subject.*) 

In addition to amygdalin a number of other gluco,sides arc 
known which upon hydrolysis yield hydrogen cyanide, viz.: coryno- 
carpin, dhurrin, gynocardin, lauroccrasin, linamarin (— phasc- 
olunatin(?), lotusin, manihotoxin, prulaurasin, sambunigrin and 
vicianin. 

Other nitriles occurring in volatile oils arc those of phenyl- 
acetic acid, of phenylpropionic acid and of vinylacetic acid. 

') Compt. rend. I4» (1909), 140, 

‘) Guitiiiard, Ihidum 142 (1906), 552. 

”) Van Rijn, Hie Glycoside. Berlin 1900; Walker, |oum. chem. Soc. sit 
(1905), 472; Dakin, |ourn, chem. Soc. No (1904), 1512; Bourquelot and Herissey, 
lourn. dc Pharm. el Chim. VI. 21! (1907), 5; Caldwell and Courtauld, )ourn. 
chem, Soc. #1 (1907), 666, 671; Hdrissey, |oum. de Pharm. et Chim. VI. 21! 
(1907), 194,198; Arch, der Pharm. 247. (1907), 638,641; Feist, Ibidem 246 (1908), 
206, 509; Rosenthaler, Ibidem 365; Auld, journ. chem. Soc. lEI (1908), 1251, 
1276; Rosenthaler, Arch, der Pharm. 246 (1908), 710; Biochem. Zeitschr. 14 
(1908), 238; 1! (1909), 257; Auld, )oum. chem, Soc. #5 (1909), 927; Feist, 
Arch, der Pharm. 247 (1909), 226, 542; Bourquelot, journ. de Pharm. et Chim. 
VI. 2!) (1909), 576; Tulin, journ. chem. Soc. lO (1909), 663; Walker and Krieble, 
Ibidem 1369, 1437. 
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hot water or alcohol with a dark green color. The first of these 
two tests is the more delicate one. 

Nitrobenzene is a strong poison. Cases arc known when 20, 
or even 7 to 8 drops have proven fatal,') Contact of nitro¬ 
benzene with the skin can also prove dangerous. 

Artificial musk. 

Natural musk owes its odor to a ketone, musconc, which 
is contained in the natural product to the extent of from 0,5 
to 2"«. As to its chemical composition only this much is known 
that either the formula C,;,H,„0 or C„H,,„0 applies to it.“) 
Mu.scone is a dark, colorless oil, which is but sparingly soluble 
in water, soluble in alcohol in all proportions. It has a strong, 
very agreable, pure musk odor, which, in a concentrated condition, 
reminds of the fragrance of dried pine needles. In great dilution 
it is particularly agreable. Like iononc it pos.scsses the property 
to fatigue the nerves very readily. Hence it is possible to 
recognize the musk odor of the muscone for a short time only. 
It boils at 142 to 143' (2 mm.) and at 327 to 330' (752 mm.). 
Under the latter conditions partial decomposition appears to take 
place. Of musconc derivatives there are known the oxime, 
which crystallizes in needles that melt at 46', and the scmicar- 
bazonc, which crystallizes from alcohol in fine, white prisms 
that melt at 133 to 134 ’. Both compounds arc odorless. From 
the semicarbazonc the musconc can be liberated by means of 
dilute sulphuric acid. 

The socalled artificial musk, however, is something very 
different. The only similarity between Miatural and socalled 
artificial musk is that of odor, such as is observed not infrequently, 
c. g. between nitrobenzene and bitter almond oil. In both instances 
the substitute is very different chemically from the original product 
and reproduces the odor only to a certain degree. At the present 
time there arc found in the market a considerable number of 
"artificial musks". Most of these arc highly nitrated tertiary 
butyl toluenes and tertiary butyixylenes or stand in close relation 

') Kobert, Lehrbiich der Intoxikalionen, vol. It, p. 799. Stuttgart 19(1(). 

5 Walbautn, journ. f. prakt. Chem. II. 74 (1906), 488; comp, also Report 
oi Schimmel 6 Co. April 1908, 93. 
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to these nitrocompounds. Characteristic for these compounds 
is the tertiary butyl group. If other alkyl radicles take its place, 
the compounds resulting have either only a faint musk-like odor, 
or none at all.') Those compounds containing three nitro groups 
arc characterized by a strong musk-like odor. However, the 
strength of the musk odor is not interfered with if one of these 
nitro groups is replaced by a cyanogen or aldehyde group or 
by halogen or an acid radicle. With reference to these groups 
the artificial musks arc distinguished as cyanide musk, aldehyde 
musk, halogen musk and ketone musk. The most important of 
these compounds are here deseribed briefly. 

Trinilro-lerl.-biitylloluenc, C,H'CH, C(CH,)s-(NOj)„ is of 
special interest since it is the first musk-like smelling-substancc 
which was placed upon the market as "Tonquinol” and "Muse 
Baur". It is obtained by condensation of /sobutyl chloride and 
toluene with the aid of aluminium chloride and subsequent nitra¬ 
tion of the butyl toluene. During the condensation a rearrange¬ 
ment of the /sobutyl to the tertiary butyl group takes place. It is 
adventageous to purify the hydrocarbon carefully before nitrating 
it. Trinitrobutyl benzene crystallizes from alcohol in yellowish- 
white needles, which melt at 96 to 97'. 

Trinitro-terl.-butylxylene, C„(CH,,).. C(CHj), (NOj)a, is pre¬ 
pared in like manner. It crystallizes in white needles that 
melt at at 110°. 

Trinitro-tcrt.-bulylethylbenzene, C„ H • Co H, ■ C(CHj)a • (NOJ,, 
is readily soluble in alcohol and hence cannot readily be ob¬ 
tained in a crystalline condition. 

Dinitro-tert.-butyixylene iodide, C„ 1(CH,)j • C(CH 3 )„ • (NOjjj, 
results when tert.-butylxylcne iodide is nitrated. It forms yellow 
crystals that melt at 105°. 

Dinitro-tert.-butyixylene cyanide, C,(CHs)oCN C(CH,), (NOj)„ 
cyanide musk. Prismatic crystals that melt at 110°.') 

>) Comp. Baur, Berl. Berichte U (1891), 2832; 81 (1898), 1348; Baur and 
BIschler, Ibidem 82 (1899), 3647. 

•) Baur-Tliurgau, Berl. Bericltte 33 (1900). 2567. 
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Dinitro-tert.-butylxylene aldehyde, C,(CH,),-C(CH,),.(NO,), 
CHO, aldehyde musk, is soluble in alcohol and benzene and 
crystallizes from ligroin in plate-like, faintly yellowish crystals 
that melt at 112°. 

Aefone musk is obtained by condensation of the correspon¬ 
ding acid chloride with tert.-butyltoluene or xylene in the presence 
of aluminium chloride and subsequent nitration of tlic conden¬ 
sation product. Baur‘) has prepared the following represen¬ 
tatives of this class. 

Dwitroaa'Io-tert.-bulyltoluenc, C„H CH, C(CHj)j (N 05 ).C 0 
■Cffj, or methyidinitrobutyltolyl ketone, broad needles that 
melts at 131. 

Dinitroaceto-tert.-butylxylenc, C„{CH ,)2 • C(CH„)j • (NO,), • CO 
•CH,, in. p. 136": soluble in alcohol, ether, benzene, 8|c., more 
difficultly in ligroin and 60 p. c. acetic acid, 

Dinitrobutyryl-terl.-butylxylene, C,. (CH.,), • C (CH,), • (NO,), 
•CO C,H., is the butyryl ketone of dinitro-tert-butylxylene, and 
melts at 128 '. 

Dinilrovaleryl-tert.-bulyixylenc, C„(CH,), ■ C(CH,), ■ (NO,), 
•CO'C,H,„ when crystallized from alcohol, is obtained as long, 
faintly yellowish needles that melt at 151. 

In addition to those enumerated above, other substances with 
a musk-like odor are to be found in the market. Moreover, mixtures 
of these are likewise found, for upon careful fractional crystal¬ 
lization compounds with different melting points are obtained. 

Artificial musk is insoluble in water and, as a rule, is but 
difficultly soluble in alcohol. For the preparation of relatively 
concentrated solutions that are durable, cinnameine and benzyl 
benzoate have been recommended. According to Koehler,*) the 
latter solvent when gently heated dissolves as much as 20 p. c. 
of musk “Baur" and retains it in solution at -(-10°. Neither 
does the addition of absolute alcohol cause precipitation. With 

') Baur-Thurgau, B«rl. Berichte !U (1S98), 1344. 

•) Pharm. Ztg. 49 (1904), 1083. 
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cinnamein, Mann ‘) claims even to have obtained a 50 p. c. solution. 
According to Schimmei 8| Co.,*) both solvents possess much the 
same solvent capacity, but benzyl benzoate appears to be a some¬ 
what better solvent than cinnamein. Much, naturally, depends 
on the musk product dissolved. 

Artificial musk is frequently adulterated with acetanilide. 
Formerly products of “Musk Baur" were placed upon the market 
which according to statements of the manufacturer contained up 
to 90 p. c. of antifcbrinc. Adulterations with cinnamic acid have 
aiso been observed. These added substances can be separated 
from the musk by means of hot water. Others are recognized 
by means of their solubility in alcohol in which solvent most 
artificial musk preparations are rather difficultly soluble. Anti- 
febrine can be identified by means of the /'sonitrilc and acetic 
acid reactions. 


AMIDO AND IMINO DERIVATIVES. 

Indol. 

CH 


HC 

C 

CH 

HC^ 

C 

CH 


CH NH 


Indol has long been known to occur in the animal organism 
as a product of intestinal digestion. It has also been produced 
artificially for some time, but it is only recently that its occur¬ 
rence in the vegetable kingdom has been established: first hy 
Hesse*) who found it in the oil obtained from jasmine flowers. 
Since then it has been found in neroli oil, also in the wood of 

') Seifensieder ZtR. :ti (1005), 1)2; Report of Scliimmel S Co. April 
ISO.-., 117. 

*) Report of Schimmei 6 Co. April UHO, 118. 

’) Berl. Berichte Si (1809), 2612. 
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the trunk of Celtis reticulosa.') By means of color reactions 
its presence has likewise been established in the flowers of 
Caladium species, Murraya exotica and Visnea Mocanera. 

Indol consists of shiny white laminae, which, however, soon 
assume a dark color under the influence of light and air. They 
melt at 52", b. p. 253 to 254" (corn). It is readily soluble in 
hot water and is volatile with water vapor. The common com¬ 
mercial article has an exceedingly disagreable, fecal odor. It 
is only when carefully purified that a product is obtained the 
odor of which is not decidedly disagreable and which when 
properly diluted reveals a floral odor. 

Solutions of oxalic acid-) and of />-dimcthylaminobcnz- 
aldehydc*) arc colored red by indol. 

When an ethereal solution of indol is shaken with an aqueous 
alcoholic solution of sodium acid .sulphite a hydrosulphonate 
results which crystallizes from methyl alcohol in white laminx 
with a silky lustre.') 

I'or the isolation of indol, the picratc, crystallizing in long, 
red, shiny needles, is best suited. For the identification and 
quantitative determination of indol, Mcs.se'') gives the following 
directions: 

To the crude floral oil about 10 p. c. of picric acid arc added. 
The mixture is heated to from 50 to 60 until the precipitate, 
first formed on the addition of the picric acid, is dissolved. To 
the cooled solution, from which an abundant precipitate of indol 
picratc has separated, a large excess of petroleum ether is added. 
The crystalline precipitate, consisting of indol picratc and the 
larger amount of uncombined picric acid, and which is colored 
more or less red in accordance with its iadol picratc content, is 

') Herter, joiim. biol. Chem. 5 (1909), 489. According to Apotheker Ztg. 
it (1909), 885. 

') Borzi, Rendiconti della R. Accad. dei l.incei IS (1904), 372; Verschaffelt, 
Rec. trav. bot. Neerland. I (1904). Comp, also Report of Schimmel 6 Co. 
October ISOi, 123. 

“) Weehuizen, Pharm. Weckblad 43 (19(@), 1325; Steensma, Zeitschr. f. 
physiol. Chem, 47 (1906), 15; Gautier and Noyer, Compt. rend. Soc. biol. 
December 19"' 1908; abstract in Bull. Soc. chim. IV. •') (1909), 256. Comp, 
also Report of Schimmel & Co. April IW, 140 and October IINW, 213. 

') Hesse, loc. cil. 2615. 

') tiic. cit. 2612. 
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removed by filtration and repeatedly washed with petroleum ether. 
The crystals thus purified are dissolved in ammonia or soda 
solution with the aid of gentle heat. Upon cooling the solution 
is shaken out with ether, and the ethereal residue distilled with 
water vapor. Thus the total indol of the floral oil is obtained in 
an almost pure state. 

Skatol. 

CH 


HC"'' 


CCH„ 

HC-. 

c 

CH 


\ 

CH NH 


Skatol, |j'-methylindol, has thus far been found in civet and 
in the wood of Cellis reticulosa, also in a wood ‘) obtained from 
German East Africa. It crystallizes in white laminae which melt 
at 95' and boil at 265 to 266" and which possess a strong fecal 
odor. The hydrochloride, 2C„H,IS liCI, melts at 167 to 168°. 
The picrate crystallizes from benzene in dark red, shiny needles, 
m. p. 172 to 173 .“) The solution of /)-dimcthylaminobenzaldehyde 
is colored blue by skatol.'') Like indol, skatol is used in the 
preparation of artificial floral perfumes. 

AnthraniUc acid methyl ester. 



CH 

HC 

'•CH 

HC 

, C NH, 


CCOOCH, 


') Report of Schimmel 6 Co. April ISUII, 79. 

'I Observations made in the laboratory of Schimmel 8f Co. 

"I Weehuizen, Pharm. Weekblad 4» (I9(%|, 1325; Steensma, Zeitschr. f. 
physiol. Chem. 47 (1906), 25; Gautier and Noyer, CompL rend. Soc. biol. 
December 19"' 1908; abstr. In Bull. Soc. chim. IV. 5 (1909), 256. Comp, also 
Repoit of Schimmel 6 Co. April 1909, 140; October 1909, 213. 
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Among the basic constituents of volatile oils the methyl 
ester of anthranilic acid should be mentioned, it was discovered 
in 1895 by Walbaum in neroli oil and has since been found in 
the oils of tuberose, champaca flowers (?), ylang-ylang, Spanish 
orange blossoms, sweet orange rind. West Indian limette (?), ber¬ 
gamot leaves, jasmin flowers, and gardenia, judging from the 
odor, this ester is likewise contained in the flowers of Uthyrus 
odorata, Robinia Pseudo-Acacia, Philadelphus Coronarius and 
of several species of apples. Artificially it is readily obtained 
by passing hydrogen chloride into the mcthylalcoholic solution 
of anthranilic acid. 

The methyl ester of anthranilic acid forms large crystals 
with numerous faces. Both crystals and solution, especially the 
alcoholic solution, reveal a beautiful fluorescence. Molten, it 
remains liquid for a long time, even at low temperature. The 
odor of the ester as such is not especially agreable, but cha¬ 
racteristic. Diluted, it reminds of the odor of orange blossoms. 
The constants of the compound isolated from neroli oil are: 

Congealing point 24''; m. p. 24 to 25°; b. p. 132° (14 mm.); 
d|j. 1,168 (in the supercooled condition).'). 

The ester is readily soluble in alcohol, ether and dilute 
inorganic acids, fairly readily in water and is volatile with 
water vapor. 

Of its derivatives the following should be mentioned. The 
picrate crystallizes in yellow needles that melt at 103,5 to 104°.‘) 
The thiophenyl ketotetrahydroquinazoline results quantitatively 
when anthranilic acid methylester is heated with phenyl mustard 
oil to from 100 to 120". This compound is readily soluble in 
caustic soda solution, very difficultly in alcohol. It melts above 
300° but sublimes at 160 to 170°. 

From volatile oils the ester can readily be separated by 
shaking with dilute sulphuric acid. The sulphate crystallizes 
out in the cold, can be purified by recrystallization from alcohol, 
and is decomposed by means of soda.*) 

') Walbaum, Joum. f. prakt Chem. II. bS (1899), 352. 

*) FreuniUer, Bull. Soc. chim. III. SI (1904), 882. In the laboratory of 
Schimmel 6 Co. 105 to 106° were observed. 

”) Walbaum, Loc. cit. 
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Hesse and Zeitschel‘) utilized the sulphate for the quan¬ 
titative determination of the ester. They proceeded according to 
the following method; 

About 25 g. of the oil to be examined arc dissolved in twice 
or thrice the amount of dry ether. In a freezing mixture the 
temperature is reduced to at least O'. Amidst constant stirring a 
solution of I vol. of concentrated sulphuric acid in 5 vols. of ether 
is added drop by drop until no further precipitate is produced. 
The precipitate is collected on a filter and washed with dry ether 
until it is odorless. It is then dissolved in water, if necessary 
with the aid of alcohol, and, without previous filtration,'-) is tritated 
with half normal caustic alkali. If for s grams of oil a ccm. of 
alkali arc used, the percentage of ester in the oil equals 

aZ,m 

s 

To the solution an excess of half normal alkali is now added 
and the mixture heated on a water bath for half an hour. The 
amount of alkali not used for saponification is titrated back with 
half normal sulphuric acid. The percentage of ester is com¬ 
puted according to the following formula: 

b ■ 7,55 
s 

in which h represents the amount of half normal alkali used for 
saponification, a should be again as large as h. 

This method not only determines anthranilic acid methyl 
ester, but other basic substances as well (methylanthranilic acid 
methyl ester). In order to avoid this, E. Erdmann’) has suggested 
another method in Which he utilizes the property of the ester as 
primary base to form azodyes. The ester is shaken out of the 
oil with cither dilute sulphuric or dilute hydrochloric acid; the 
acid solution is diazotized with a 5 p. c. solution of sodium nitrite, 
and titrated with an alkaline solution of ,)’-naphthol (0,5 g. ,f- 
naphthol in a solution of 0,5 g. of caustic soda and 15 g, 
sodium carbonate in 150 ccm. of water). The insoluble dyestuff 

'I Uerl. Berichte 114 (IROI), 2<)e. 

Hesse and Zeitschel, |ourn. f. prakt Chem. II. «t (1001), 246, footnote. 

“) Berl. Berichte :R (1<KK|, 24. 
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is precipitated and the end of the reaction ascertained by testing 
a drop removed from time to time. According to Hesse and 
Zcitschcl,*) the method of Erdmann suffers from the fact that 
the isolation of the ester is not a quantitative one. In order to 
obtain satisfactory results the ester should be isolated as sulphate 
as described above. For the rest either the one or the other 
method can be followed. If anthranilic acid methyl ester and 
mcthylanthranilic acid methyl ester are to be determined side 
by side it is advisable to combine both methods. 

Methylanthranilic acid methyl ester. 

CH 

MC' CH 

HC CHHCH,, 

CCOOCH,, 

Mctliylanthranilic acid methyl ester occurs in mandarin oil, 
also in mandarin leaf oil and pos.sibly also in oil of rue. Like the 
anthranilic acid methyl ester, it shows a blue fluorescence, as 
such as well as in solution. The constants of the ester isolated 
from mandarin oil arc as follows: 

M. p. 18,5 to 19,5 ; b. p. 130 to 131 (13 mm.); d„, 1,120.-) 

In connection with a synthetic product containing 98 p. c. 
of ester, Schimmcl 8| Co. observed the follpwing constants; 

Congealing point 17,8'; m, p. 18 ; d^,, 1,1238; «„ I 0 ; 
n„j„ 1,57963; soluble in 10 vol. of 70 p. c. and in 3 vol. of 
80 p. c. alcohol. 

For further characterization the saponification products can 
be utilized. Mcthylanthranilic acid crystallizes from alcohol in 
white prisms which melt at 179 and which reveal a blue 
fluorescence in solution. 

') Bert. Berichte ift (1902), 2355. 

‘) Walbaum, |oum. t. prakt. Chem. II. (1900), 1%. 

OiLoiMrisTiii. Tnt voiAirir on*. 
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SULPHIDES. 

Sulphuretted hydiogen, HjS, is frequently observed during 
the distillation of seeds, e. g. anise and particularly of caraway. 
Small amounts of carbon disulphide, CS,, are contained in the 
oil of black mustard. Both products presumably result as products 
of decomposition. 

Dimethyl sulphide, (CH,)jS, b. p. 37", has been found in 
American peppermint oil, also in Reunion and African oils of 
geranium.*) Traces of a mercaptan have been found in the oil 
of Allium ursinum, whereas the bulk of this oil consists of vinyl 
sulphide, (CjH,)jS, (b. p. 101”; d0,9125) and its higher sulphides. 
Other unsaturated sulphides and polysulphides, among them pre¬ 
sumably a//v/ disulphide, (C,H().,S„, and allylpropyl disulphide, 
occur together with other sulphur compounds in 
the oils of garlic, onion and asafctida. 

All of these compounds are characterized by a most dis- 
agreable, penetrating odor. In the plants they are said to be 
contained in part, in combination as glucosidcs. 

In this connection attention should be directed to Hartwich’s**) 
list of plants in which the presence of sulphur-containing volatile 
oils has been demonstrated or inferred because of their odor. 

MUSTARD OILS. 

The esters of /sothiocyanic acid, characterized by their 
penetrating odor, and commonly known as mustard oils, constitute 
a special group of sulphur compounds. Their typical represen¬ 
tative is the common allyl mustard oil. 

hothiocyanallyl. 

CSNCH,CH;CH,. 

/sothiocyanallyl, allyl mustard oil or commonly mustard oil, 
constitutes the bulk of the volatile oil of mustard. It has also 
been obtained from the following plants; AUiaria olficinalis, 
Capsella Bursa pastoris, species of Cardamine and Sisymbrium, 
Cochlearia Armoracia and Thiaspi arvense. 

') Report of Schimmel 6 Co. April IfWI, 55. 

h Apotheker Ztg. t' (ti»2), m 
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Neither in the mustard seed nor in the other plants mentioned 
does' the mustard oil occur as such but in the form of a glucoside 
known as sinigrin (myronate of potassium), which in the presence 
of the ferment myrosin and water, is hydrolized to mustard oil, 
(/■glucose and potassium acid sulphate; 

C„H„NS,KO, -I- H,0 - CSNC,H, + -f- KHSO,. 

However, side reactions also take place which account for 
the presence of cyanallyl and carbon disulphide, two substances 
that are never completely wanting in natural mustard oil. 

Above 70 myrosin is decomposed and becomes inactive as 
ferment. At a temperature of 0" traces of rhodan allyl, CNSQH,,*) 
isomeric with allyl mustard oil, are also formed. Of interest is 
also the observation made by Guignard ') that mustard oil is set 
free when the plants are subjected to the vapors of mercury, 
carbon disulphide or anaesthetics. 

Chemically, mustard oil is obtained by the distillation of allyl- 
iodidc or allylbromide with an alcoholic solution of potassium 
rhodanate, or by the dry distillation of this salt with the equivalent 
amount of a salt of allylsulphuric acid. Under the influence of 
the heat an inversion of this cyanate or rhodanate group to the 
/sothiocynate group takes place. 

/sotluocyan allyl is a colorless oil which gradually turns 
yellow. It is optically inactive and possesses a very penetrating 
odor causing the flow of tears. Applied to the skin, it produces 
a burning sensation and causes blistering. The vapors are 
particularly harmful to the lungs. It is soluble in 8 vol. of 70 p. c. 
alcohol and is miscible in all proportions with 90 p. c. alcohol, like¬ 
wise with ether, amyl alcohol, chloroform, benzene and petroleum 
ether. In water it is but sparingly soluble. 

B. p. 150,7° (728,9 mm.); d,„,,. 1,0173.*) 

According to observations made on technical products in the 
laboratory of Schimmcl Si Co., synthetic mustard oil possesses 
the following properties: 

B. p. (the bulk of the oil) 151 to 153 (760 mm.), 30,2" (5 mm.); 
d„. 1,020 to 1,025; 1,527 to 1,530. 

') E. Schmidt, Berl. Berichte tO (1877), 167. 

“) Compt. rend. U» (1909), 91. 

*) Kopp, Liebig's Annaien 9H (1856), 375. 

35* 
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When small amounts of mustard oil arc mixed with twice 
their volume of concentrated sulphuric acid a violent evolution 
of carbon oxysulphide') and sulphur dioxide’) takes place and allyl- 
amine sulphate, CiH.NHj-HjSO,, is formed. This remains in 
the test tube as a clear, slightly colored liquid, or occasionally 
congeals. As an unsaturated compound, mustard oil adds bromine 
with the formation of an oily dibromidc, CSN-C,HjBr,, which 
is volatile with water vapors. 

For the identification of mustard oil, allylthiourca (thiosin- 

amine), CS , is particularly suited. It crystallizes in 

NH, 

rhombic prisms that melt at 74', has a faint leek-like odor and 
taste, and is readily soluble in water, alcohol and ether. The 
compound results when an excess of ammonia and some alcohol 
arc added to mustard oil. The reaction is accelerated by gentle 
heat. For the quantitative determination of mustard oil, see the 
chapter on “The examination of volatile oils”. 

Exposed to light, mustard oil gradually acquires a reddish- 
brown color and the bottle is coated with a dirty orange-yellow 
film containing carbon, nitrogen, hydrogen and sulphur. 

Prolonged contact with water or with heavy metals, such 
as copper, silver, tin, mercury, causes decomposition of the 
mustard oil with formation of cyanallyl. The metals combine 
with the sulphur to sulphides. Ethyl alcohol also gradually causes 
a change forming a partially sulphuretted allylurethane; 

mc,H, 

CSNC,H,-!-C,H,0H CS 

OC.,FI, 

It is because of this reaction that spirit of mustard gradually 
looses its therapeutic action. 

The source of the carbon disulphide always found in mustard 
oil, even in the artificial product, has not yet been definitely 
ascertained. Experiments have shown ’) that, whereas boiling of 
mustard oil with water in a flask connected with a reflux condenser 
for an hour docs not yield carbon disulphide, appreciable amounts 

') A. W. Hofmann, Berl. Berichte 1 (1868), 182. 

*) Pluckiger, Arch, der Hharm. IWI (1871), 214. 

’) Cadamcr, Arch, der Pharm. SL'i (1867), 53. 
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of this substance, together with carbon dioxide, are produced 
when mustard oil and water are heated in a sealed tube under 
pressure for several hours to a temperature of 100 to 105’. It 
may be assumed that in the nascent state mustard oil possesses 
a greater capacity for reaction and that under such conditions 
it reacts with water according to the following equation. 

2CSNC,,H, + 2H.0 - 2C„H,,NH, + CO,, + CS,. 

Carbon disulphide is also formed when mustard oil is allowed 
to remain in prolonged contact with water at ordinary temperature. 

Of other mustard oils the following may be briefly described 
in this connection. 

hothiocyanpropenyl, CSN ■ CH; CH • CH„. According to 
Pomeran/,') traces of this occur in mustard oils. He assumes 
to have established its presence in artificial mustard oil by 
having identified acetic acid as well as formic acid among the 
oxidation products. 

Secondary butyl mustard oil, CSN ■ CH(CH,) • CH,• CH,, 
the /sothiocyanate of secondary butyl alcohol, is the principal 
constituent of the oil of Cochleari.i officinalis, and has been 
isolated from the oil of the herb of Cardamine amara. This 
mustard oil likewise does not occur as such, but in the form 
of a glucoside known as glucocochlearin.'-) 

Secondary butyl mustard oil is an optically active, colorless 
liquid possessing the characteristic odor of cochlearia oil. 

B. p. 159,5' ; d„.0,944.«) 

Heated with ammonia to 100' it yields a thiourea which 
melts at 135 to 136 and which is optically active. In alcoholic 
solution, the oil gradually looses its original pungency. Presumably 
a partially sulphuretted urea is formed as in the case of allyl 
mustard oil. 

The commercial "artificial oil of spoon wort” is /sobutyl mustard 
oil, CSN CH, CH (CH,)„ hence not identical with the natural 
product. It boils at 162" and yields a thiourea melting at 93,5". 

') Liebig's Annalen !Bl (1007), 354. 

5 Ter Meulen, Recueil des trav. chim. des P.-B. S4 (1905), 444. According 
to Chem. Zentralbi. Iil0», II. 1255. 

’) A. W. Hofmann, Berl. Berichte 7 (1874), 513. 
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their volume of concentrated sulphuric acid a violent evolution 
of carbon oxysulphide') and sulphur dioxide’) takes place and allyl- 
amine sulphate, CiH.NHj-HjSO,, is formed. This remains in 
the test tube as a clear, slightly colored liquid, or occasionally 
congeals. As an unsaturated compound, mustard oil adds bromine 
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is volatile with water vapors. 

For the identification of mustard oil, allylthiourca (thiosin- 

amine), CS , is particularly suited. It crystallizes in 
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compound results when an excess of ammonia and some alcohol 
arc added to mustard oil. The reaction is accelerated by gentle 
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brown color and the bottle is coated with a dirty orange-yellow 
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as copper, silver, tin, mercury, causes decomposition of the 
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with the sulphur to sulphides. Ethyl alcohol also gradually causes 
a change forming a partially sulphuretted allylurethane; 
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CSNC,H,-!-C,H,0H CS 

OC.,FI, 

It is because of this reaction that spirit of mustard gradually 
looses its therapeutic action. 

The source of the carbon disulphide always found in mustard 
oil, even in the artificial product, has not yet been definitely 
ascertained. Experiments have shown ’) that, whereas boiling of 
mustard oil with water in a flask connected with a reflux condenser 
for an hour docs not yield carbon disulphide, appreciable amounts 

') A. W. Hofmann, Berl. Berichte 1 (1868), 182. 

*) Pluckiger, Arch, der Hharm. IWI (1871), 214. 

’) Cadamcr, Arch, der Pharm. SL'i (1867), 53. 
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As the various oils arc fully described in the second vol. of 
this treatise, it will be expedient, in order to avoid repetition, to 
discuss briefly in a special chapter the general methods used 
in their investigation and the most common adulterants met with. 

The practice of adulteration of the volatile oils, which is 
probably as old as the manufacture itself, had in the beginning 
a certain justification, as with the incomplete technical equipment 
of the early times the addition of fatty oils, turpentine oil, or 
alcohol was often necessary in order to extract from the plants 
their odorous principle. Later, when the preparation of the pure 
oils was already known, the practice of making these additions 
was still retained. 

Even forty years ago, it was customary to distill coriander 
with the addition of orange oil and to put the distillate on the 
market as coriander oil. Since pure coriander oil can now be 
prepared without difficulty, the product obtained by using orange 
oil, as it is found now and then even at the present time, must 
be considered as adulterated and if the foreign ingredient is not 
made known, its sale is a fraud. 

The adulteration need not always be bydhe addition of a less 
valuable body, it sometimes consists in that the more valuable 
constituent of the oil has been partially removed. The effect is 
the same, whether from a caraway oil of the specific gravity 
0,910 so much carvone be removed that an oil of the specific 
gravity 0,890 remains behind, or whether the same result is 
attained by the addition of limonene to the same oil. 

Although the adulterations themselves mostly find a sufficient 
explanation in the profitableness and the pecuniary advantage 
to the adulterator, it cannot, however, be denied, that often the 
ignorance of the consumer, and above all the desire to buy as 
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cheaply as possible, is the cause of the spurious composition 
of many an oil. More than once the producer may have been 
induced to adulterate, because he found no buyers for his pure 
products at a reasonable price, while his adulterating competitor 
was able to do a lucrative business at lower prices. 

The main reason for the extensive adulteration to which 
volatile oils have been subjected at times, is to be sought in 
the fact that the detection of adulterants was very difficult and 
often entirely impossible. 

Owing to the development of the chemistry of the terpenes 
and their derivatives, great progress has been made during the 
last twenty five years in the detection of adulterations. Knowing 
the composition of not a small number of volatile oils, it has 
become possible not only to distinguish between a pure and an 
adulterated oil, but also to judge the quality of these oils. This 
is effected by estimating the amount of the principal, or the 
most important constituent. In lavender oil, bergamot oil, petit- 
grain oil and others, the amount of esters present are therefore 
determined; in thyme oil, clove oil, pimenta oil, bay oil, and 
Cretian origanum oil the amount of phenols are estimated; in 
cassia oil and lemongrass oil the amount of aldehyde; in caraway 
oil the amount of carvone. The assay of santalwood oil shows 
how much santalol, that of palmarosa oil, how much gcraniol is 
contained in the oil. The quality of the oils named finds numerical 
expression in the percentage strength of the active constituents 
such as esters, phenols, aldehydes, ketones and alcohols. 

In a second class of oils, whose composition is likewise 
sufficiently known, an assay is not yet possible. The reason 
for this is twofold;,first the value of the oil depends not upon 
a single constituent but upon the blending of the properties of 
several; and secondly the chemical methods of investigation are 
not sufficiently developed. 

With these oils, the examination is restricted as a rule to 
the determination of the normal composition of the oil and the 
absence of commonly used adulterants. Such oils are lemon oil, 
orange oil, rosemary oil and spike oil, which should be tested 
particularly for turpentine oil. 

The incomplete knowledge of the composition and the de¬ 
fectiveness of the methods of testing most of the oils, do not at 
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present allow of an investigation resting on a rational chemical 
basis. With this class of oils the entire examination consists 
in determining the physical constants. As the average and limit 
values of specific gravity, optical rotation, solubility, 2ic., of the 
more common oils are well known through observations extending 
over many years, variations from these values call the attention 
of the investigator to adulterants. 

Indeed, the physical behavior of an oil is in general very 
well suited to indicate rapidly the addition of foreign substances; 
the investigation of volatile oils should therefore begin with the 
determination of the physical properties, no matter whether the 
investigation be for practical or for scientific purposes. After 
this, the special methods are to be used, such as saponification, 
acetylation, aldehyde and phenol determinations, and finally, if 
it appears necessary, the tests for turpentine oil, fatty oil, alcohol 
or petroleum should be applied. 

It is of course evident that when the practical value of an 
oil is to be considered, the examination as to its odor’) and 

') Attention may here be called to the interesting publications by 
H. Zwaardemaker: 0/e Physiologic des Genichs (Leipzig 1895); Die Piechkndt 
von Ldsungen differenter Komentration (Arch. f. Anatomic u. Physiologic, 
Physiol. Abtig. I9WO, 415); Die Compensation von Geruchsemptindungen 
(Ibidem 190#, 423); Geruch (Ergebnisse der Physiologic 1 (1902), 896); Piechen 
and schmecken (Arch. f. Anatomic u. Physiologic, Physiol. Abtig. 1908, 120; 
Report of Schimmel Co. October 1904,107); PrSzisions-OHaktometrie (Arch, 
f. Laryngologie Bd. 15, Heft 2; Report of Schimmel § Co. October 1904, 105); 
Geschmack (Ergebnisse der Psysioiogie S, 2 (1903), 699); fine bis jetit an- 
hekannt gehliehene Eigenschaft des Genichssinnes (Arch. f. Anatomic u. 
Physiologic, Physioi. Abtig. 1901, 43; Report of Schimmel 8| Co. October 1904, 
109); Die Empfindung der Gerachlosigkeit (Untersuchungen aus dem phy- 
siologischen Laboratorium 5. Reihe IV, II, 376; Report of Schimmel h Co. 
October 1901, 107); Odorimetrie von prozentischen Ldsungen and von 
Systemen im heterogenen Gleichgewicht (Untersuchungen aus dem phy- 
siologischen Laboratorium 5. Reihe IV, II, 387; Report of Schimmel 8| Co. 
October 1904, 105); Ober die Pmportionen der Gemchskompensation (Arch, 
f. Anatomic u. Physiologic, Physioi. Abtig. 1907,59; Report of Schimmel & Co. 
April 190S, 173); Die vektorielle Darstellung eines Systems von Gemchs- 
kompensationen (Arch. f. Anatomic u. Physiologic 1908, 51; Report of 
Schimmel 8; Co. October 1908, 160). Comp, also E. Erdmann, Ober den Ge- 
ruebssinn und die wichtigsten piechstoile (Zeitschr. f. angew. Chem. 1900,103) 
and j. van der Hoeven Leonhard, PiechschSrlen und Farbsinnabweichungen 
(Die Umschau 12 (1908), 367; Report of Schimmel 8| Co. October 1908, 160). 
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taste must accompany the chemical and physical investigation, 
for these are the properties on account of which the volatile oils 
are used in the perfume and soap industries, in the manufacture 
of candies and liquors, and partly at least in medicine. 

It is necessary, or at least greatly to be desired, to have 
for comparison a sample of a genuine, faultlessly distilled oil. 
A few drops each, of the genuine oil and of the oil to be tested, 
arc put on a .strip of filter paper, and compared by smelling 
alternately of both. This odor test is repeated after the larger 
part of the oil has volatilized, and in this manner readily volatile 
as well as more difficultly volatile foreign substances may be 
recognized. 

It is possible, however, to give only a very imperfect expression 
in language of odor and taste perceptions; moreover, odor and 
taste arc purely subjective and are also quite differently developed 
faculties in each individual. The perceptions made with the sense 
of odor and ol taste do not admit of cxprcs.sion and comparison 
by means of figures like other observations. An adulteration 
may, therefore, be subjectively recognized, but cannot be ob¬ 
jectively proven. A good sense of smell is in spite of this 
limitation of great value in the examination, as it often directs 
the investigation into the proper channel in the shortest time. 

Poorly distilled oil.s, possessing an empyrcumatic odor or 
“Blascngeruch”, or oils carelessly kept but otherwise unadulterated 
arc almost altogether recognized by the sense of smell, rarely 
by any other means of investigation. 


DETERMINATION. OE THE PHYSICAL 
PROPERTIES. 

SPECIFIC GRAVITY. 

On account of its ready determination the specific gravity 
is the most frequently taken and, therefore, the best known 
property of the volatile oils. Even concerning the rare and 
little investigated oils statements of their density are to be found. 
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Further, as the maximum and minimum values of the more 
commonly used oils are fixed, the determination of the specific 
gravity belongs to the most important and also most convenient 
means of investigation. The specific gravity of an oil is changeable 
within certain limits, and dependent, outside of age, on the manner 
of the distillation and also upon the source and the state of 
ripeness of the plant material used. The extent of this variation 
is so different in the individual 
oils that no general rules can 
be formulated. With normal 
bergamot oil, for instance, the 
specific gravity lies between 
0,881 and 0,886. The difference 
between the highest and the 
lowest density, therefore, 
amounts in this case to only 
five places in the third decimal. 

As a rule, however, the limit 
values lie much further apart. 

Most oils arc lighter, some, 
however, heavier than water, 
especially those which contain 
larger amounts of oxygenated 
constituents of the aromatic 
series (e. g. wintergreen oil, 
clove oil, sassafras oil). The lowest specific gravity of all volatile 
oils is that of Pimis Sabiniana with 0,6962; the highest is that 
of wintergreen oil with 1,188. 

The determination is conveniently performed with an hy¬ 
drostatic balance according to Mohr or Westphal'), as the ac¬ 
curacy attained with this instrument, if rightly handled, is sufficient. 
The values obtained thereby are reliable to the third decimal. 
For the more accurate determination, or when only small quantities 
of an oil are at disposal, a pycnometer is used. The modifications 
of Sprengel (Fig. 66) and of Ostwald (Fig. 67) are especially to 
be recommended. For practical reasons it is expedient to mark 

') The hydrostatic balance with steel axes by F. Sartorius, Gdttingen, 
may be especially recommended. 
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the capillaries at a and b and to bend these slightly upward as 
shown in the accompanying illustrations. The instrument is 
suspended from the balance by means of the platinum wire c. 
The capillaries can be sealed by means of the glass caps d and e. 
The pycnometer likewise yields more accurate results with viscid 
oils in which the thermometer body of the Mohr-Westphal balance 
does not move up and down with sufficient ease. For viscid oils 



the capillaries should be relatively large otherwise the filling and 
emptying of the instrument is accompanied with difficulties. For 
the determination of'the specific gravity, the weight of the com¬ 
pletely dry instrument should be known, also its water value. 
For the determination of the latter, the pycnometer, previously 
filled with distilled water, is placed into a water bath of constant 
temperature (usually -f 15’ C.) for about a quarter of an hour 
or until it has assumed the temperature of the water bath. In 
the mean time distilled water is either added or withdrawn so 
as to bring the contents to the marks on the capillaries, when 
the weight is determined accurately. These two values, viz., 
P, (weight of the pycnometer) and P. (weight of the pycnometer 
plus water) are, determined once and for all lor a given instrument. 
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A—Pj is the water value tV'of the pycnometer. If the specific 
gravity of an oil is to be ascertained, the pycnometer is filled 
with the oil in question, the same conditions as to temperature 
being observed as before, and weighed. If the pycnometer filled 
with oil weighs P„ then the specific gravity of the oil is 


In order to enable the convenient filling and evacuation of the 
instrument, a tube with glass ground connection with the capillary, 
as illustrated in fig. 68, is employed. Jn the case of 
viscid oils these operations are facilitated with the 
aid of gentle heat. 

The specific gravity is naturally dependent on 
the temperature. For its determination + 15' C. has 
been chosen as a matter of expediency. The water 
value is likewise determined at this temperature.') 

The instruments used in Germany are calibrated in 
accordance with this rule, including the Mohr- 
Westphal balance. Only the specific gravity of such 
oils as arc too viscid at 15 C. or congeal either 
entirely or in part, is taken at higher temperatures, 
however, with reference to water at 15", so that the 
same instruments can be used for these determinations 
at higher temperatures. 

Experiments have shown-) that for the temper- h„.e8. 
ature of water at 15° C. the specific gravity of the 
volatile oils varies from 0,0007 to 0,0008 for each degree centi¬ 
grade, /. e. on an average 0,00075. With the aid of this factor, 
the specific gravity of an oil can be recomputed for any temper¬ 
ature. If the temperature at which the specific gravity was 
determined was higher, 0,00075 should be added for each degree 
difference, if lower, the corresponding value should be deducted. 

If, however, the specific gravities have been determined, not 
with reference to water at 15" but with reference to water at 
the same temperature at which the density of the oil was as- 

') Unless otherwise specified, the specific gravities recorded in this book 
are for the temperature of -f-15” C. with reference to water at 15”. 

') Report of Schimmel h Co. October IkOu, 87. 
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certained, corrections can be made in like manner. According 
to Schreiner and Downer') the correction factor for observations 
between 15 and 25' is 0,00064 for each degree. 

As a matter of course such computed values can be regarded 
as approximations only. For accurate data the specific gravity 
should be actually determined at the temperature in question. 


OPTICAL ROTATION. 

The optical rotation is such a characteristic property of 
most of the volatile oils that its determination should never be 
omitted in an examination. Especially adapted for this purpose is 
the half-shadow polariscopc according to Lippich'') with polarisor 
in two parts. The best division of the circle for the purpose in 
question is that into degrees and minutes in such a way that 
the numbers on each side of the zero point run up to ISO". If 
the dark color of the oil docs not allow of making the observation 
in a too min. tube, which is the one usually employed, one of 
50 or even 20 mm. may be used and the values obtained are 
multiplied by 2 and 5 respectively. If the color permits, inactive 
substances arc observed in 200 mm. tubes in order that slight 
deviations may be delected. When no special mention is made 
of the temperature, room temperature is to be understood. In 
general it is not necessary, although desirable, to make the 
observation at a fixed temperature, as the natural variations in 
the rotation of an oil are usually greater than the differences 
due to a variation in temperature of several degrees. Exceptions 
to this arc the oils of lemon and orange, the rotation of which is 
relatively strongly influenced by even small changes in temperature. 
It is necessary, in order to get comparable figures, to determine 
the rotation of these two oils at i-20 or else to reduce the 
result to this temperature by calculation. The details of this will 
he found in the description of these oils in the special part. 

') Pharmaceutical Archives 411401), 105. Comp, also Report of Schimmel 
ft Co. April lIKKI, 71. 

With retard to the manipulation of the polariscope the reader is 
referred to the wellknown work by H. Landolt, Das optische DrehungsremSgen 
organischer Suhstmuen, II. ed., Braunschweig, 1898. 
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In the following, u„ is the observed angle of rotation in a 
100 mm. tube with sodium light, and [«]„ is the specific rotation 
as calculated by the formula 


where a is the observed angle of rotation, / the length of the 
tube in decimeters and d the specific gravity of the liquid. 

Solid substances arc dissolved in an optically inactive liquid. 
The computation is effected acording to one of two formulas, de¬ 
pending as to how the concentration is expressed: either by c, i.e. 
the number of grams of substance in 100 cc. of solution, or by 
percentage, /. e. the number of grams of active substance in 
100 g. of solution. In the latter instance the specific gravity (d) 
of the solution must be known. If the .solution deviates the ray 
of polarized light c degrees the specific angle of rotation follows 
from the following equation: 

I , lOO'K IOO k 
Ic Ipd' 

The angle of rotation thus ascertained is not strictly constant 
for most substances, but varies with the nature of the solvent, 
the concentration, and the temperature.') Consequently it is neces¬ 
sary to record the conditions observed with the specific angle 
of rotation, e.g. [((Ji,.,,, * 10’ in a 43,5 p.c. alcoholic solution. 


REFRACTION. 

The determination of the index of refraction n„ has been 
recommended repeatedly for the examination of the volatile oils. 
As is well known, certain relations exist between chemical 
constitution and refraction and in many cases conclusions as to 
the position and number of double bonds may be drawn from 
the molecular refraction. Chemical individuals carefully purified 
arc, however, necessary in order to obtain useful results. As 
the refractive coefficients of the constituents of the volatile oils 
are on the whole only slightly different from each other, they 
are not so well suited for the detection of adulterations as are 

') As to the influence o! the solvent on the anRle of rotation compare 
Landolt, Liebig's Annalen tHb 11877), Jtl; Rimbach, Zeitschr.f. physik. Chem.ft 
(1892), 701. 
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other methods of examination. The addition of turpentine oil, 
for instance, influences the refraction of lemon oil only slightly, 
but changes the rotation to a marked degree.’) 

In isolated cases, the index of refraction may nevertheless 
.serve as a valuable supplement to the other constants and should, 
therefore, not be omitted on principle. Hence, in the discussion 
of the individual oils, reference will frequently be made to these 
constants and limit values will be given. 

for this purpose the fullrich rcfractometer can be especially 
recommended. The observations arc made with sodium light. 

The variations in the index of refraction due to differences 
in temperature vary somewhat for different oils and average 
about 0,00035 -) for each degree of temperature. These variations 
arc noteworthy in as much as the indices of refraction of the 
different volatile oils vary but little among themselves, r;>., from 
1,43 (oil of rue and cognac oil) and 1,61 (cassia oil). Great care 
with reference to temperature .should, therefore, be exercised 
in the determination. As a rule, the observations are made at 20 '. 
Only in such cases, as that of oil of rose, in which the consistence 
of the oil does not admit of the determination, a higher temper¬ 
ature is chosen. Hence n,,.;,, signifies the index of refraction for 
sodium light at 20" C. A recomputation with the aid of the above 
mentioned factor yields approximate values only and is not ad¬ 
missible for accurate values. 

As a result of the formation of oxidation and polymerization 
products, the index of refraction increases with age. An exception 
is found in the behavior of anethol.’) 

Mention should yet be made of the specific and molecular 
index of refraction although they apply to chemical individuals only. 

The specific index of refraction finds expression in the formula 


in which d is the specific gravity determined at the same tem¬ 
perature at which the index of refraction is determined. The 

') Report of Schiinmel & Co. October IsttS, 55. 

■') According to observations by Schimmei S Co. 

’) Comp. Report of Schimmei iii Co. October IStU, 42. 

’) The above formula has been proposed by Lorenz and Lorentz. The 
older formula by . Gladstone, v/z. " . * does not always yield constant values. 
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molecular index of refraction or the molecular refraction is ob¬ 
tained by multiplying the specific index of refraction with the 
molecular weight. 


CONGEALING POINT. 

With certain oils, especially anise, star anise, fennel and 
rue oils, the congealing point affords a good means for judging 
the quality. With the first three oils a high congealing point 
shows a large content of anethol, with rue 
oil one of methyl nonyl ketone. 

In isolated cases the melting point has 
been recommended for the determination 
of volatile oils. However, it is little suited 
to this end, since the volatile oils are not 
individual compounds hut mixtures which 
reveal no sharp melting point throughout 
the entire mixture, but soften at first and 
then gradually change to a clear liquid. 

As a result no fixed melting point can be 
observed, but a temperature interval bet¬ 
ween which the oil melts. Contrasted with 
the melting point, the congealing point can 
be clearly and sharply observed. 

The determination of the congealing 
point can be very well performed with 
Beckmann's well-known apparatus for the 
determination of the molecular weight by 
the lowering of the freezing point. A few^ 
slight changes make it especially suited 
for this purpose. They consist principally 
in doing away with the cork connections which hinder the free 
inspection of the mercury thread of the thermometer, The 
laboratory of Schimmel £j Co.') has the form shown in fig. 69. 
The battery jar A serves as the receptacle for the cooling liquid 
or freezing mixture. The glass tube B hanging in the metal 
cover serves as an air jacket for the freezing tube C and prevents 
the premature congealing of the oil to be tested. The freezing 

') Report of Schimmel 6 Co. October INSS, 43. . 

* 36* 
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tube C is wider at the top and becomes narrower at the place 
where it rests on the edge of the tube B. In order to retain C 
in fixed position, three glass projections are fastened on the 
inside of the tube H, about 5 cm. below its upper edge. The 
thermometer, which is graduated into half degrees is held in 
position In a metal plate by three springs wlilch allow of sliding 
the thermometer up or down. 

To carry out the test, the battery jar is filled with either 
water and pieces of ice or with chopped ice, according to the 
reduction of temperature desired. Only occasionally it is necessary 
to employ a freezing mixture of ice and salt. Then pour into 
the freezing tube so much of the oil to be tested that it stands 
at a height of about 5 ccm. in the tube and bring the thermo¬ 
meter, which must not touch the sides of the tube at any place, 
into the liquid. During the cooling the undercoolcd oil is to be 
protected from disturbances, which would produce a premature 
congcalation.') When the oil has been sufficiently undcrcooled, 
crystallization is to be induced by rubbing and scratching the 
thermometer against the sides of the tube. If this proceeding 
should not prove succe.ssful a small crystal of congealed oil or 
some solid anethol or methyl nonyl ketone is brought into the 
liquid, when congealation will take place with liberation of heat. 
The solidification is hastened by continued stirring with the 
thermometer, the mercury thread of which rises rapidly and 
finally reaches a maximum which is called the congealing point 
of the oil. 

The oil should be sufficiently undercooled, otherwise the 
congelation will proceed too slowly thus rendering the observation 
more difficult. Again, the oils should not be undercoolcd too 
much, otherwise the results observed will be too low. Practically 
useful results are obtained when the oils are undercoolcd about 5 '. 
It is desirable always to work under like conditions in order that 
the various qualities of the respective oils may be judged from 
a common view point. Schimmel £( Co. subcool as follows: 

Anethol to -- 16 . Anise oil to 12'. 

Staranise oil to -f-10 , Fennel oil to -f 3 . 

') A premature congealation often takes place when the oil has not 
been filtered clear, as suspended dust particles may give rise to congealation. 
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In certain cases it is desirable to record the temperature 
to which an oil was subcooled. 

It should be mentioned that reference is had to the congealing 
temperature of oil of rose. This refers to the temperature at whieh 
the paraffin crystals are formed when the oil is slowly cooled. 


BEHAVIOR ON BOILING AND ERACTIONAL 
DISTILLATION. 

Inasmuch as the volatile oils are mixtures of substances with 
different boiling points, it is improper to speak, as is so often 
done, of the boiling point of a volatile oil. It is more correct 
to speak of a boiling temperature, by which is 
meant the temperature interval within the limits of 
I I which the oil distills over in 

I r ^— a single distillation from an 
ordinary distilling flask (fig. 70) 

I without the application of a 

fractionating arrangement. It 
is of the greatest importance that the entire 
column of the mercury be surrounded by the 
vapors of the distilling oil, a circumstance that 
is often ignored and leads to erroneous results. 
I I The thermometer should be adjusted in such a 
A j ifc. manner that the rc.spective boiling point is placed 
M slightly above the exit tube of the distilling flask. 

K jRj Care, however, should be exercised that the 
V mercury bulb of the thermometer does not pro- 

ject into the body of the Sask, much lc.ss into 
™ the liquid. In order to avoid this, thermometers 
with shortened scales are preferably used. 

Of great importance is also the rate of distillation which is 
best regulated so that 40 or at most 60 drops are collected per 
minute, if the distillation is conducted too rapidly and if the 
exit tube is not large enough the vapors are choked causing an 
increase in pressure and a corresponding rise in temperature. 
The consequence is this that the observed boiling point is too high. 

In order to avoid bumping, small pieces of pumice, tiling or 
or talcum are added to the liquid. , 



566 


Till hXAHISATION 01- VOI.ATII.I-: OILS. 


Whereas the determination of the boiling point is of im¬ 
portance in the examination of chemical individuals, fractional 
distillation yields better results in the examination of volatile oils. 
The several fractions arc collected separately, their amounts 
ascertained, and each fraction examined separately if necessary. 
The observations recorded by different observers of the 
amounts of the same oil which distill over between certain limits 
of temperature, seldom agree, because the results are not only 
greatly influenced by the form of the di.stilling flask, but also 

R )! the distillation and the height 
. In the examination of certain 
fractions of individual oils it 
is therefore necessary, to use 
flasks of fixed dimensions and 
to observe a certain rapidity of 
distillation. Tor testing lemon • 
oil and spike oil, Schimmel Si Co. 
flasks according to Ladenburg of 
IS given in fig, 71.') Trom 50 cc. 
lentioned, 5 cc. arc distilled over 
anner that about I drop falls in 
a seconu, and the distillate tested in the 
polariscope, as will be described more in 
n —individual oils. 

When the different constituents are to be 
isolated from an oil, the fractional distillation 
71 must be repeated many times and preferably 

by employing one of the well known distilling 
columns. In order to> avoid decomposition, it is best to distill the 
fractions boiling above 200' in vacuum. Oils containing esters 
must first be saponified, as the acids, which arc easily split off 
by the boiling, disturb the fractionation and may act upon the 
other constituents of the oils. 


SOLUBILITY. 

The volatile oils are readily soluble in the ordinary solvents, 
.such as alcohol, ether, chloroform, benzene, acetic ether, carbon 

') Report oi Schimmel 6 Co. October iNttS, 4). 
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disulphide, £ic. Mention of this general property is not made 
in the description of the individual oils. A phenomenon which 
is sometimes considered as an incomplete solubility njay be 
mentioned here. The turbidity noticed when certain oils arc 
mixed with petroleum ether, paraffin oil') or carbon disulphide 
may be caused by the small amount of water which the oils 
have retained from their preparation. The richer an oil is in 
oxygen, the more water it is capable of dissolving and the more 
cloudy does it become with petroleum ether.-) The turbidity 
docs not take place when the oil has been thoroughly 
dried with anhydrous .sodium sulphate. 

Although all oils arc readily soluble in strong 
.ilcohol, only some of them arc entirely soluble in 
dilute alcohol. For the last class this property becomes 
a practical and rapid means of examination. The 
prc.sence ot the difficultly soluble turpentine oil can, 
for instance, be readily shown in this manner in the 
oils soluble in 70 p. c.“) alcohol. The solubility deter¬ 
mination is very simple. Bring into a small graduated 
cylinder (fig. 72) '; to 1 cc. of the oil to be tested and 
add small portions of the alcohol at a lime until with 
vigorous shaking solution is effected. If an oil which is soluble 
under normal conditions does not dissolve, it is sometimes 
po.ssible to draw conclusions as to the adulterant from the 
character of the turbidity and the separation of the insoluble part. 
Petroleum floats oh the 70 p. c. alcohol, whereas a fatty oil 
settles in drops at the bottom. 

For the examination of volatile oils, alcohol of different per¬ 
centage strength is used. In the following table the strengths 
thus far employed arc enumerated together with their specific 
gravities for jj:.') 

') Cinnamic aidehyde is an exception to this rule. It is practically In¬ 
soluble in petroleum ether and paraffin oil. Hence cassia oil and Ceylon 
cinnamon oil dissolve but incompletely in these solvents. 

-) When an oil rich in oxygen, such as bergamot oil, is mixed with 
one rich in terpenes, as turpentine oil or orange oil, the mixture becomes 
turbid due to the separation of water, 

") The statements in this book always refer to volume percent. 

*) According to K. Windisch, Tafein zur Emittelung des Alkoholgehaltea 
you Alkohol-Wassermisclmngen aas dem apezilischen GewicM. Berlin, 1853. 
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30 percent by volume 

d]i'. 0,9656 1 

i b9 percent by volume 

d[;: 0,8928 

40 .. 

. . . 0,9521 

70. 

. . . 0,8904 

50. 

. . . 0,9347 

80. 

. . . 0,8642 

» . 

. . . 0,9226 

82. 

. . . 0,8586 

60. 

. . . 0,9139 

85. 

. . . 0,8499 

62. 

... 0,9094 

90. 

. , . 0,8343 

b5. 

, . . 0,9025 

95. 

. . . 0,8165 

b8. 

... 0,8953 

98. 

. . . 0,8040 


In order to avoid the necessity of keeping on hand alcohol 
of different percentage strenght, Dowzard') has recommended a 
method which is worth mentioning though it has not established 
itself. 5 cc. of an oil are dissolved in 10 cc. of absolute alcohol 
(d|„. 0,799) and the solution diluted with water from a burette 
until the solution becomes permanently turbid. Ify multiplying 
the number of cc. of water by 100 the “.solubility value” is 
obtained. In connection with bergamot oil, Dowzard determined 
values between 220 and 290. 

The same author suggests the determination of the vis¬ 
cosity^ as a moans for examining volatile oils. For the 
volatile oils, however, this method has never attained practical 
significance. 

CHEMICAL METHODS OE TESTING. 

The rational examination of a volatile oil in a chemical 
manner is po.ssiblc only if its composition or at least its main 
constituents are known. The chemical investigation must be 
directed as much as possible toward the i.solation and quan¬ 
titative estimation of the constituents recognized as being 
the most valuable. The methods of testing must, therefore, 
conform to the analysis of the oil. If this really self-evident 
supposition had been generally recognized earlier, those methods 
of investigation, which arc designated as quantitative reactions, 
as for instance the iodine absorption, or Maumene’s sulphuric 
acid test, which had given good results with the fatty oils, would 
not have been applied offhand to the volatile oils. 

') Chemist and Druggist M (18V8), 74d. 

'I Chemist and Druggist •>' (IdOO), IW. Report of Schimrael ft Co. 
Aprit mi, 3t 
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The fatty oils are a group of chemically closely related 
bodies; they are glycerides of the fatty and oleic acid series. 
The constituents of the volatile oils, however, recruit themselves 
from the greatest variety of classes of bodies. Among them may 
be found terpenes, sesquiterpenes, paraffins, alcohols, aldehydes, 
ketones, phenols, ethers, oxides and esters. It should be no 
matter for surprise, therefore, that the methods of testing which 
are useful with the fatty oils, fail utterly with the volatile oils. 
Nor is there any sense in subjecting the fatty and the volatile 
oils to the same reactions, just bccau.se they both bear the same 
designation “oils”. 

The application of Hubl's iodine addition method to volatile 
oils has been recommended by Barenthin,') Kremel,''“) Williams,") 
Davies") and Snow.“) By a direct comparison of the results of 
these separate observers it could not have been difficult for 
Cripps") to show the utter uselessness of this method. This 
result is not altered by the fact that individual analysts again 
and again recommend this method.') 

The use of bromine in place of iodine was first suggested 
by Levallois”) and later by Klimont.*) More recently it has again 
been recommended by VaubeP") and Mosicr.") In as much, 
however, as the variety in the composition of volatile oils renders 
it impo.s.sible to pass judgement as to which of the constituents 

') Arch, der Phartn. i2J (ISSW, 848. 

■) Pharm. Post it (1888), 78V. 821. 

t Chem. News «« {188V), 175. 

') Pharmaceutical journ. 111. Ill (188V), 821. . 

') Pharmaceutical lourn. III. '211 (188V), 4. 

") Chem. News Wl (188V), 23b. , 

") Sanglo-Ferricre and Cuniasse, )ourn.de Pharm. etChiin. II. I7(IV03), 169; 
Report of Schimmel £t Co. April IDilS, 82; F. Hudson-Cox and W. H. Simmons, 
Analyst 29 (IV04), 175; Pharmaceutical journ. 72 (1904), 861; Report of 
Schimmel 6 Co. October 1*14, 80; Worstall, )ourn. Soc. chem. Industry 23 
(1904), 302; Report of Schimmel b Co. October 1*4, 85; Harvey, journ. Soc. 
chem. Industry 23 (1904), 413; Report of Schimmel 6 Co. October 1*4, 86. 

') Compt. rend. IW (1884), 977. 

'■) Chem. Ztg. is (1894), 641. 

■") Zeitschr. f. off. Chem. It (1905), 429; Chem. Zentralbl. !*», I. 199; 
Report of Schimmel S Co. April 1*)6, 66. 

”) Zeitschr. d. allg. dsterr. Apoth. Ver. 43 (1907), 223, 235, 251, 267, 283, 
299; Report of Schimmel ft Co. October 1*17, 116. 
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it is with which the bromine combines, the value of the results 
obtained will remain problematical. The method will, therefore, 
find application in emergency cases only. 

According to Maumend’s test the fatty oil to be investigated 
is mixed in a certain proportion with concentrated sulphuric acid 
and the ri.se in temperature which takes place is observed. Its 
application to volatile oils was recommended by Williams') as 
well as by Duyk") but it has found just as little favor in practice 
as the other methods named above. 

With these methods arc also to be classed the much recom¬ 
mended color reactions. They mostly consist in bringing together 
a volatile oil and c. g. sulphuric acid or nitric acid, whereby 
some coloration is produced, which only in rare cases can be 
ascribed to a definite chemical change. As the .shades of color 
produced arc difficult to describe, and often change from one 
to the other, these tests may therefore easily give rise to mistakes. 
Hence the color reactions in general arc to be designated as 
useic.ss. This does not exclude, however, the occasional use of a 
color reaction in the detection of adulterants. This is especially 
true if these color tests arc used for the characterization of 
chemical individuals i.solatcd from the volatile oils (e. g. cadincnc, 
.sylvestrcne). It is, however, never to be considered as con¬ 
clusive in itself. 

Besides the methods of testing already enumerated, many 
others have been suggested in the course of time, which however 
have acquired as little practical importance as these. Only such 
methods are to be discussed here as have really proven satis¬ 
factory in the investigation of volatile oils. 

I 

SAPOrSIFICATION. 

Through scientific investigation it has been established that 
many volatile oils contain ester-like compounds, the components 
of which, on the one hand are alcohols, usually of the com¬ 
position C,|,H,,0 or and acid radicals of the fatty 

scries, on the other. 

') Chem. News «l (I9»), W. 

*1 Rill/, dc rAcad^mw wy. de m6dec. de Belftiquc. 1897. 
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The esters, which are nearly without exception of a pleasant 
odor, are often to be considered as the most important con¬ 
stituents of the oils. Thus, linalyl acetate is the carrier of the 
odor in bergamot oil; the same ester is found in lavender oil 
and also occurs along with other compounds in petitgrain oil. 

The esters of bomeol, found in the different pine-needle oils, 
play an important part in the formation of the pine aroma. 
Menthyl acetate is found in the peppermint oils and the geranyl 
ester of tiglic acid in the different geranium oils. 

The quantitative estimation of the ester is always valuable 
for judging the oils, even when the esters are of little consequence 
to the odor, liut it is much more important, and really the only 
rational test of quality in such cases where the esters are the 
carriers of the characteristic odor, as with bergamot oil and 
with lavender oil. The determination is made according to the 
method of quantitative saponification, as it has long been used 
in the analysis of the fats. Its application to the volatile oils 
was first urged by A. Krcmel.') However, it did not acquire 
practical importance until the nature of the saponifiable com¬ 
pounds was ascertained through scientific investigation. 

Krcmel distinguishes acid value (acid v.), ester value (ester v.), 
and saponification value (sap. v.). The acid value expresses how 
many mg. of KOH are necessary to neutralize the amount of free 
acid contained in I g. of oil. The ester value gives the amount 
of potassa in milligrams used in the saponification of the ester 
contained in I g. of oil. The saponification value is the sum of 
acid value and ester value. As the volatile oils with exception 
of e. g. geranium oil and vetiver oil usually contain only a small 
amount of free acid, this may in generjil be neglected. Only 
old, partly spoilt oils, tend to show somewhat higher acid values. 
It is urged that in all cases the acid and ester values be deter¬ 
mined separately, for the reason that acids arc occasionally 
added to increase the apparent ester content. 

It should be mentioned that in all oils which contain aldehydes, 
the ester determination by saponification cannot be made, as a 
consumption of alkali takes place due to the decomposition of 
the aldehyde which increases with the length of the reaction. 


') Pharm. Post 41 (1888), 789, 821. 
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but which gives no information as to the amount of aldehyde 
decomposed. 

Errors in the determination likewise result from the presence 
of phenols. Hence these .should first be removed with the aid 
of a dilute (3 to 5 percent) aqueous alkali, 
unless the ester determination is abandoned in 
such cases. 

The saponification is conducted in a wide 
necked flask of potash glass of 100 cc. capacity 
(fig. 73). A glass tube about I m. in length and 
pas.sing through a stopper serves as a reflux 
condenser. Into such a flask about 1,5 to 2 g. 
of oil arc weighed accurately to I eg. and about 
twice its volume of acid-free alcohol is added. 
After the addition of a few drops of alcoholic 
phcnol-phthalein solution, half-normal potassa is 
carefully added. The reaction is completed when 
the red color produced no longer disappears 
upon shaking. A later decoloration is due to 
the saponification of the ester by the alkali. After 
the neutralization of the free acid, wliich usually 
requires but 2 to 3 drops of halfnormal alkali, 10 cc. or more') 
of the .solution arc added, and the mixture is heated on a water 
bath for an hour-) after the u.sual precaution to prevent bumping 

') 111 most cases 10 cc. suffice. Only in the case of oils with high 
ester content (Roman chamomile oil. winteitjreen oil) 20 to 30 cc. should 
be taken. Care should always be taken to have a sufficient excess of alkali, 
l or the same reason 20 cc. of alkali should be taken when oils of unknown 
ester content .are to he soponified. If esters as such are to be saponified 
even larger amounts should be used depending upon the size of the molecule 
and the number of carboxyl groups present. Thus, e. g. the saponification 
of 2 g. of methyl formate requires b7 cc. of halhiormal potassium hydroxide 
solution. 

') The saponification of most esters can be accomplished in a much 
shorter time, that of the ester of bergamot oil being accomplished in 10 minutes. 
However, in order to be certain of the results and to work under the same 
conditions, the time of heating is extended whereby no harm is done. Comp. 
Report of Schimmel 8) Co. October IidLT, 25. The method of Hetbing (Hetbing's 
Pharmacological Record No. 30, p. 4), according to which the saponification 
of bergamot oil is conducted in a cio.sed vessel, hence under pressure, yields, 
as the mvestig.itions of Schimmel ft Co. revealed, results that are I to 2 percent 
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has been taken and the reflux condenser has been adjusted. 
After cooling, the contents of the flask are diluted with 50 cc. 
of water and the excess of alkali is titrated with half-normal 
sulphuric acid. 

The computation is carried out witli llie aid of the following 
formula: 


Acid. V. (Acid value) 

Ester. V. (Ester value) 

Sap. V. (Saponification value) 


in which a stands for the number of cc. of half-normal alcoholic 
potassa solution and s for the number of grams of oil of used. 

If lor 1,5 g. of bergamot oil employed 0,1 cc. of half-normal potassa has 
been used to neutralirc the free acid, b ,0 cc. for saponification, then 

28 ‘ 01 

the acid v.ilue (acid v.) — | ^ 1,87; 

the ester value (ester v.) 5 ^ - H 2 . 0 ; and 

the saponification value (sap. V,) 113,87-* 1,87 ■ 113,0. 


ITom the ester value the percentage of ester or of alcohol 
respectively can be computed with the aid of the following formulas: 


" II ester 


Ester V. ■ m 

m-b ' 


alcohol 


EsterV.-m, 
560 ' 


in which m stands for the molecular weight of the respective 
ester, m, for that of the corresponding alcohol, and b for the 
basicity of the corresponding acid. 


higher than those conducted in an open flash. The explanation lies in the 
fact that the linalool itself is affected by the caustic potash when heated 
with it under pressure whereas it suffers no change in the open flask. Later 
Helbing and Passmore [Chemist and Druggist 47 (1845), 585], substantiated 
the conclusion that the saponification in an open flask is to be preferred to 
that in an autoclave, neither does the process of cold saponification appear 
to be applicable, which has the additional disadvantage of loss of time. 
According to Henriques (Zeitschr. f. angew. Chem. 1887, 399), linalool reveals 
a saponification value of 4,2, geraniol one of 2,8 when acted upon by 
alkali for 12 hours. In isolated cases only boiling for one hour does not 
suffice for the quantitative saponification of esters, thus e. g. with terpinyl 
acetate, bomyl and menthyi /sovalerate, which must be boiled for from 2 
to 3 hours with a sufficient excess of alkali. 



574 


THh hXAMINATION 01“ VOLATII-t OILS. 


For the more common alcohols found in volatile oils, viz., 
C|„H|,0 (gcraniol, linalool, borneol, /sopulegol), (men¬ 

thol, eitronellol), C,.,H.,,0 (santalol), C|.,H,„0 (cedrol), and their 
esters the formulas read as follows: 


1. C,.H,kO: 

" 0 acetic ester 

tster V.ldb 
560 ' 

"« alcohol 

Ester V.-154 
560 ’ 

2. C,.H.„0; 

"'o acetic ester 

Ester V. Ids 
M ' 

" 0 alcohol 

Ester V.'156 
560 

3. 

" <• acetic ester 

Ester V.-2b2 
560 ■ 

alcohol 

Ester V.. 220 
560 

4. C,,H,„0: 

acetic ester 

Ester V.'264 
560 ' 

" u alcohol 

Ester V.-222 
‘560 


In the above formulas the factor b drops out since acetic 
acid is monobasic. 


For the beraamot uil illustration aiven on the previous page, the e.ster 
ol which is linalyl acetate (CH,COOCi„Hi:) and the alcohol of which Is 
linalool (CiuHi-0), the foliowina values result; 

"«linalyl acetate —■ 3d,20, 
linalool - ”^^'^ = 30,80. 


Avoiding the ester value, the percentage of ester and of 
alcohol can be computed directly with the aid of the following 
formulas; 


% ester ^ ■ " u aleohol 
20sb 


am, 
20 s ■ 


In the.se formulas the symbols have the same significanee 
as in the previous formulas. 

For the alcohols mentioned above, viz., C,„FI„0, C,„H„0, 
C„H„0 and CuK^O tables will be found at the end of this 
chapter (table I, p. 618), in which the percentage of acetic ester 
and of alcohol can be found for each ester value.') The use 
of the table is quite apparent without further explanation. If in 
a given case 112 has been found as the ester value for bergamot 
oil, all that is necessary is to trace the corresponding figure in 
the column headed C,„FlnO and in the one headed “acetate", 
viz., 39,20. This figure reveals the percentage of linalyl acetate 
in bergamot oil, whereas the corresponding number 30,80 in the 
column headed "alcohol" reveals the percentage of linalool. 


') For pcMiiiol the percentaec of tiglate is also given. Table I, p. 618. 
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In order to save time in the computation of these alcohols, 
a second table (table II, p. 632) has been added in which the 
ester value (acid value, saponification value) as well as the 
corresponding percentage content of acetate or alcohol can be 
traced from the number of cc of half-normal potassium hydroxide 
solution used, provided exactly 1,50 g. of oil have been employed. 

ACETYLATION. 

Many volatile oils contain as important constituents alcohols 
■ varying in composition, for instance, borneol, geraniol, tcrpineol, 
linalool, thujylalcohol, menthol, citronellol and santalol. Tor the 
quantitative estimation, their behavior toward 
acetic acid anhydride, with which they form 
acetic esters when heated, may be used. Taking 
geranyl acetate as an illustration, their formation 
takes place according to the equation; 

C,„H,70H I (CH,C0),0 - CH,CO,C.„H„-t-CH,,CO,H, 

For the quantitative acetylation') 10 cc. of 
the oil, mixed with an equal volume of acetic 
acid anhydride and about 2 g. of dry sodium 
acetate, are boiled uniformly for 1 hour in a 
small flask provided with a condensing tube 
which is ground into the neck of the flask and 
some small fragments of tiling to prevent bumping 
(fig. 74). After cooling, some water is added to 
the contents of the flask and then heated for '/< hour 
on a water bath, to decompose the excess of 
the acetic acid anhydride. The oil is then separa¬ 
ted in a separating funnel, and washed with water, or better still 
with sodium chloride solution, until the reaction is neutral.*) 

Of the acetylized oil, dried with anhydrous sodium sulphate, 
1,5 to 2,0 g. are saponified with 20 cc. of half-normal potassium 

') Report of Schimitiel 6 Co. October 1W4, 62. 

') One can also proceed to neutralize the free acid with sodium carbonate 
solution and then to wash with water until the reaction is neutral. In this 
case, however, one occasionally encounters the difficulty of removing the 
soda solution from the oil, a difficulty that is obviated when proceeding as 
indicated above. 
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hydroxide solution according to the method described on p. 572, 
any free acid present having previously been carefully neutralized. 
The percentage of alcohol corresponding to the ester value found, 
and referring to the original non acetylized oil, can be looked 
up in the table appended to this chapter, vi/.., table I'), p. 618. 
These values are derived with the aid of the following formula: 


" ij alcohol in the original oil 


am 


in which 


20(s a.0,021)' 

/;; the molecular weight of the respective alcohol, 
a the number of cc. of half-normal potassium hydroxide solution 

.s the number of grams of acetylized oil used. [used. 


Attention .should, however, be directed to the circumstance 
that this formula docs not take into consideration that a part of 
the alcohol may be contained as ester in the original oil. A small 
percentage of ester in the original oil may be disregarded since’ 
the error caused thereby is small. If, however, the ester content 
is large, or if more accurate results arc desired, this error should 
be eliminated. For this purpose the amount of free alcohol is 
computed from the difference between the ester number of the 
original oil and the ester number of the acetylized oil (table I, p. 618, 
alcohol in original oil). To this is added the amount of cstcrified 
alcohol computed from the ester number. The sum is that of 
the percentage of total alcohol. 

By way of illustration. A peppermint oil has yielded 26,43 
as ester value before and 173,57 as ester value after acetylation. 
In order to ascertain the amount of total menthol present one 
proceeds as follows: 

173,57 — 26,43- 147,14 = 46,07 p. c. of free menthol; 

26,43 7,36 p. c. of ester menthol; 

hence total menthol 46,07 7,36 - 53,43 p. c. 

Without this recalculation the amount of total menthol, as 
computed from the ester value after acetylation, would be 
55,59 p. c. 


') When 1,30 g. of acetylized oil are used the alcohol content can be 
ascertained directly with the aid of table II on p. 632 from the number of cc. 
of half-normal potassium hydroxide solution employed. 
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The values obtainable from the ester content can also be 
expressed by means of the following formulas: 

"11 of free alcohol in the orig. oil - ^ ~ ,, 

® 20[s-(a,-a,)0,021]’ 

" n of total alcohol in the orig. oil ~ ^ 1 )' ■’>' 1. 

^ 20s[s-(a„-a,)0,021] 

In the above formulas 

m stands for the molecular weight of the respective alcohol, 
j, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a._. for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acetylized oil. 

ffence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol arc made throughout 
without reference to the e,stcr content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acetylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acctylatiqn value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborncol, geraniol,‘) menthol’) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, are partly decomposed by splitting off water 

') Bertram and Gildemeister, journ. f. prafct. Chem. II, (1844), 184. 

•) Power and Kleber, Pharm. Rundsch. (New York) 14 (1844), 162; Arch, 
der Pharm. 4:12 (1844), 653. 
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with the formation of terpenes. Comparative figures, however, can 
also be obtained with these alcohols if the same amount of acetic 
acid anhydride is always used and the boiling continued for the 
same length of time. With linalool there was found as a favorable 
result after 2 hours of boiling, a deficiency of 15 percent of al¬ 
cohol.') Terpineol behaves toward acetic acid anhydride as 
follows: 

Time of boilinfi: Tcrpinyl acetate formed: 


10 minutes 
30 „ 

45 „ 

2 hours 


51,2 percent 
75,5 „ 

84,4 „ 

77,9 „ . 


With terpineol, therefore, heating longer than 45 minutes 
has a detrimental effect. 

Better results arc obtained if the suggestion of Boulez’) is 
followed and a diluent in the ratio of 1:5 is employed. For this 
purpose cither turpentine oil or xylene may be used. Turpentine 
oil, however, yields a small acetylation number for which a 
correction should be made, whereas xylene remains totally un¬ 
changed. At the same time the period of acetylation must be 
prolonged. Schimmel ^ Co.") report that the maximum of ester 
determination is reached after boiling 5 to 7 hours. Longer boiling 
again reduces the amount of ester formed as shown by the 
following table. 

Even with this modification, satisfactory results are obtained 
only with terpineol, whereas the accuracy of the results obtained 
with linalool leaves much to be desired. The quantitative acetyl¬ 
ation reported to have been observed by Boulez depended on 
wrong computation is pointed out by Schimmel Co.*) 


I. 20 parts linalool SO parts xylene. 


Duration of acetylation. 

3 hi^. 

5hrs. 

7 hr$. 

12 hrs. 

20 hrs. 

Ester v.. 

53,3 

60,4 

63,0 

63,3 

51,6 

®,'0 CioHinO. 

15,3 

17,4 

18,2 

18,3 

14,8 

Pound with reference to 100 parts of 
the alcohol. 

76,5 

87,0 

91,0 

91,5 

73,8 


') Report of Schimmel & Co. April IStK), 45 . 

T Corps gras Industriels !H (1907), 178; Bull. Soc. chim. IV. 1 (1907), 117. 
'I Report of Schimmel b Co. April 1907, 121. 
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The values obtainable from the ester content can also be 
expressed by means of the following formulas: 
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® 20[s-(a,-a,)0,021]’ 

" n of total alcohol in the orig. oil ~ ^ 1 )' ■’>' 1. 

^ 20s[s-(a„-a,)0,021] 

In the above formulas 

m stands for the molecular weight of the respective alcohol, 
j, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a._. for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acetylized oil. 

ffence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol arc made throughout 
without reference to the e,stcr content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acetylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acctylatiqn value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborncol, geraniol,‘) menthol’) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, are partly decomposed by splitting off water 

') Bertram and Gildemeister, journ. f. prafct. Chem. II, (1844), 184. 

•) Power and Kleber, Pharm. Rundsch. (New York) 14 (1844), 162; Arch, 
der Pharm. 4:12 (1844), 653. 
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Vericy and Bolsing') have tried to simplify the acetylation 
process. They esterify the oil with a definite amount of acetic 
acid anhydride in the presence of pyridine, titrate the acetic acid 
not combined with the alcohol, and compute the alcohol content. 
The method has not proven satisfactory with the terpene alcohols, 
but yields better results with the phenols. Hence it is applied, 
if at all, in connection with the latter (comp. p. 593). 

In like manner, the attempts to appty Schry ver’s method for the 
determination of phenols (p, 592) to alcohols has proven a failure.-) 

rORMYLATION. 

As has already been pointed out under citronellol (p. 365), 
this alcohol is converted into the formate when boiled with formic 
acid, whereas other terpene alcohols, such as gcraniol and linalool, 
arc cither dehydrated to tcrpcncs or are completely decomposed: 
The course of the reaction is so quantitative that it can be utilized 
for the assay of citronellol-containing oils.“) In the presence of 
larger amounts of other alcohols the results arc apt to be too 
high, due to the disturbance in the ratio of constituents produced 
by the formation of water. For practical purposes, however, 
the results may suffice. 

The formylation is effected by heating for an hour 10 cc. 
of oil with twice its volume of strong formic acid (d,.,. 1,226) in 
an acetylation flask cither on a water bath or better stiti on a 
sand bath so as to maintain gentle boiling. If a water bath is 
used the mixture should be shaken repeatedly. When cooled 
the contents of the flask arc diluted with water and washed 
until neutral. The semaining part of the process is conducted 
as described under acetylation. 

The citronellol content can be computed with the aid of 
the foltowing formula: 

in which // represents the number of cc. of half-normal alcoholic 


Berl. Herichte M (1901), 3354. 

Report of Schimniel & Co. October 129. 
Report of Schimmel & Co. April 1901, 47. 
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The values obtainable from the ester content can also be 
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j, for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of the original oil, 

a._. for the number of cc. of half-normal potassium hydroxide 
solution consumed by s grams of acetylized oil. 

ffence in both instances the amounts of potassium hydroxide 
solution pertain to equal amounts of oil. 

For purely practical reasons the statements found in the 
second volume as to the total alcohol arc made throughout 
without reference to the e,stcr content of the original oils. In 
other words, they are the values derived directly from the ester 
values of the acetylized oil. For practical purposes this will 
suffice in general, as the differences arc not appreciable. 
In the case of geranium oil, however, appreciable differences 
occur. This is due not only to the presence of a higher ester 
content, but also to the fact that the esterified alcohol of the 
original oil is combined with tiglic acid, whereas the formula 
considers only acetic acid. In this instance, therefore, the amount 
of originally esterified alcohol and the amount of free alcohol 
receive separate consideration; also the total amount of alcohol 
derived from the two is recorded. But here also the apparent 
alcohol content derived from the acctylatiqn value (ester value 
after acetylation) is also recorded. 

The reaction between alcohol and acetic acid anhydride is 
quantitative in the case of borneol, /soborncol, geraniol,‘) menthol’) 
and santalol, hence enables an accurate determination of these 
substances. Less fortunate are the conditions with the tertiary 
alcohols linalool and terpineol, as these, on boiling with acetic 
acid anhydride, are partly decomposed by splitting off water 

') Bertram and Gildemeister, journ. f. prafct. Chem. II, (1844), 184. 

•) Power and Kleber, Pharm. Rundsch. (New York) 14 (1844), 162; Arch, 
der Pharm. 4:12 (1844), 653. 
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hydrazine, after some time the hydrazone which has formed is 
separated by filtration, and the unchanged phenyl hydrazine in 
the filtrate oxidized with boiling Fchling’s solution. By this 
treatment all the nitrogen of the phenyl hydrazine which has 
not taken part in the reaction is liberated as gas. From the 
volume of the collected nitrogen the amount of the unused phenyl 
hydrazine can be calculated. From this the amount which has 
gone into combination is known and consequently the amount of 
the ketone or aldehyde present. The amount of carbonyl oxygen, 
expressed in 'h« percents is designated as carbonyl number. 

With bitter almond oil (benzaldchyde), cumin oil (cuminic 
aldehyde), and rue oil (methyl nonyl ketone) this method yields 
fairly good results. With cassia oil, caraway oil, fennel oil and 
lemon oil, however, the determinations fall far too low,') possibly 
because the time allowed does not suffice for the quantitative 
completion of the reaction. 

The modification of the above method proposed by Rother*) 
has met with a similar fate. It likewise yields satisfactory results 
in a few instances only. The aldehydes and ketones are converted 
into phenylhydrazones by means of a definite amount of phenyl- 
hydrazine. It differs, however, from the original method in this 
that the excess of phenylhydrazinc is allowed to react with iodine 
and the excess of iodine is titrated with thiosulphate solution. 

For the assay of aldehydes and ketones we are, therefore, 
dependant on several methods, of which the most important in 
actual practice are here described. The determination is mostly 
volumetric or titrimctric, seldom gravimetric. The best known 
and most commonly used method is the 

bisulphite method. It was first introduced in 1890 ') by 
Schinimel 8i Co. for the cinnamic aldehyde assay of cassia oil. 
At present it plays an important role in the assay of oils containing 
cinnamic aldehyde or citral. The method depends on the property 
of both cinnamic aldehyde and citral to dissolve in hot concentrated 
sodium bisulphite solution with the formation of sulphonates, 
hence can be abstracted quantitatively from the oils, whereas the 

') Report of Schimme! & Co. October INtO, 52. 

‘I Die Bestimmung dcr Aldehyde and Ketone ear Bearteilung Stheriseber 
Ole. tnaag. Dissert. Dresden 1907. 

*) Report of.Schimmel 6 Co. October IMNt, 15. 
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non-aldehyde constituents remain undissolved. The amount of 
dissolved oil reveals its aldehyde content. 

For this determination a special glass flask (cassia flask, 
aldehyde flask, fig. 75) is used. It has a capacity of about 100 cc., 
is provided with a neck 13 cc. long, the inner diameter of which 
is 8 mm., and which is calibrated into ‘ i» cc. The entire neck 
of the flask has a capacity of about 6 cc. The zero point of 
the scale is placed slightly above the transition 
point of the flask into the neck. 

By means of a pipette, 10 cc.') of oil arc 
transferred to the flask and an equal volume 
of 30 p. c. sodium acid sulphite) solution is 
added. The mixture is shaken and the flask 
placed in a boiling water bath. After the solid 
mass has become liquid more acid sulphite 
.solution is added until the flask is at least 
three-quarters full, the mixture being con¬ 
stantly heated and occasionally shaken. The 
solution Is heated until no more solid particles 
arc visible and the odor of aldehyde has dis¬ 
appeared. When the clear oil floats upon the 
salt solution, flask and contents arc allowed 
to cool and sufficient acid sulphite solution is 
added until the oily layer is well within the 
neck of the flask. Should drops of oil adhere 
to the flask these arc induced to rise into the 
neck by gentle tapping and rotation of the 
flask. The number of cc. of oil is read off, and by deducting 
this number from ten, the aldehyde content in percentage by 
volume is ascertained by multiplying the resultant with ten. In 
order to obtain the percentage by weight the number obtained 
is multiplied with the specific gravity of the aldehyde in question 
and the product divided by the specific gravity of the oil. 

') In the case of oils that contain less than 40 p. c. of aldehyde only 
0 cc. are taken or a flask is used the neck of which has a capacity of tO cc. 
and is calibrated front I to 10. 

') Care should be taken that the solution does not contain too much 
free sulphurous acid since this retards the reaction. If necessary, the solution 
should be neutralized somewhat by the addition of sodium carbonate. 
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As already pointed out, this method is used for the quantitative 
determination of cinnamic aldehyde and citral, which go into 
solution as sulphonates. It can, however, be used also in con¬ 
nection with those aldehydes the bisulphite addition products 
of which arc soluble in water as such, c. g. benzaldehydc, anisic 
aldehyde, phenyl acetaldehyde. 10 cc. of the aldehyde in question 
are .shaken with 40 to 50 cc. ot a 30 p. c. sodiumbisulphite .solution 
in an aldehyde flask, and the reaction product dissolved, with 
the aid of gentle heal, in additional water (not .sodium bisulphite 
solution). The oil that has not taken part in the reaction is 
driven into the calibrated neck by adding more water. Its volume 
is read off as soon as the contents of the flask have a.ssumcd 
room temperature. Prolonged standing frequently causes the 
bisulphite compound to crystallize out again. 

Closely related to the bisulphite method is the 

Sulpliite method, which is based on the observation that' 
certain aldehydes and ketones react with neutral sodium sulphite 
to form water soluble compounds with the simultaneous formation 
of sodium hydroxide. In as much as the latter tends to reverse 
the reaction, it should be neutralized with dilute acid from time 
to time as it is formed. It was Tiemann') who, in connection 
with his studies on citral, fir.st pointed to the application of this 
reaction for quantitative determinations. Somewhat later Sadticr '-) 
claimed that the method was generally applicable for the quan¬ 
titative determination of saturated and unsaturated aldehydes 
both of the aliphatic and aromatic series, and was also applicable 
in the case of several ketones. According to his method the 
free alkali is titrated with half-normal hydrochloric acid. It suffers 
from the disadvantage that the sodium sulphite solution cannot 
be titrated sharply, hence the end of the reaction can be 
determined only approximately. Accurate results arc, therefore, 
not obtainable. 

Practical significance the sulphite method has acquired only 
through the modification suggested by Burgess.") The process 
is as follows: 

‘) Bert. HericNte SI (imi, 3J17. 

5 Americ.|oum.Pharm. 10(190*), 84; )oum.Soc.cliem.IndustryiS(1904), 
300; lourn. Americ. cliem. Soc. it (1903), 1321. 

■) Analyst M (1904), 78. 
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To 5 cc. of the oil to be examined and contained in a cassia 
flask‘) a freshly prepared saturated (40 p. c.) solution of neutral, 
crystalline sodium .sulphite and a few drops of phenolphthalcin 
are added. The mixture is heated in a water bath while frequently 
shaken. The sodium hydroxide set free is almost neutralized 
from time to time with dilute acetic acid (1:5) until even the 
addition of more sodium sulphite solution causes no further 
reddening while the mixture is being heated. Water is then added 
to drive the non-dissolved oil into the neck of the flask where, 
upon cooling, its volume is read off on the .scale. Multiplication 
of the number of cc. of oil with 20 yields the volume percentage 
of aldehyde or ketone in the oil. 

Although this method is by no means as applicable'-) as 
claimed by Sadticr and Burgess, it is applicable in several cases 
where the bisulphite method fails. Its principal value lies in the 
possibility to assay carvonc and pulcgone, of which the former 
reacts smoothly and rapidly with neutral sodium sulphite. In 
the case of pulcgone the reaction is much slower, several hours 
being required at times to bring the process to completion. 

Satisfactory results arc also obtained with citral and cinnamic 
aldehyde. It should be remembered, however, that the results 
may deviate somewhat from those obtained with the bisulphite 
method in the case other aldehydes are present. This is true e. g. 
in the case of Icmongrass oil which gives higher results with 
the bisulphite method than with the sulphite method. This is due 
to the fact that neutral sodium sulphite reacts with citral only 
whereas the other aldehydes present in Icmongrass oil, likewise 
a part of the mcthylheptenonc react with the bisulphite. It is 
urged, therefore, that in connection with statements as to the 
aldehyde content of oils, the method be mentioned according to 
which the aldehyde assay was made. 

Which of the two methods is to be preferred in individual 
cases depends alltogether on the nature of the oil in question. 

') Burees.s makes use oi a flask of 200 cc. capacity which differs from 
the ordinary cassia flask in being furnished with a tube, attached to the side 
of the neck, that leads to the bottom of the flask and serves for the addition 
of the liquids. The common cassia flasks, however, are much more convenient 
and serviceable, but it is best to use one with 200 cc. capacity and to take 
10 cc. of oil for the sake of greater accuracy. 

*) Report of Schimmel S Co. April IWH, 103. 
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According to Burgess, one of the advantages of the sulphite 
method consists in the absence of crystalline deposits which are 
occasionally formed at the zone of contact between oil and water 
in the case of the bisulphite method and which disturbing factor 
at times prevents an accurate reading of the volume of the oily 
layer. Schimmel S Co., however, observed that such depositions 
arc also produced in the case of the sulphite method. 

Por the assay of cinnamic aldehyde the gravimetric method 
of tianu.V) can be utilized. It yields very accurate results and 
is especially applicable when only small amounts of oil are 
available. In the case of the Ceylon cinnamon oil, the results 
deviate from those obtained with the bisulphite method by as 
much as 4 to 5 p. c., even if the latter arc computed in percentage 
by weight. Presumably this difference is due to the presence of 
other aldehydes which arc determined with the cinnamic aldehyde 
by the bisulphite method.'-) 

Hanus .separates the cinnamic aldehyde as semioxamazone 

COMHM:CHCH;CHC„H„ 

I 

CONH,, 

and proceeds according to the following method: 

To 0,15 to 0,2 g. of oil, contained in a 250 cc. Erlenmcyer 
flask, 85 cc. of water are added and the oil finely divided by 
shaking. In order to make possible a fine division of the oil and 
thus to prevent a part of the aldehyde to be coated by semi¬ 
oxamazone thereby preventing it from taking part in the reaction, 
it is expedient to dissolve the oil in 10 cc. of alcohol (95 to 96 per¬ 
cent by volume) bcivc adding the water. One and one-half 
times the amount of semioxamazide,") dissolved in 15 cc. of hot 
water, are then added and the mixture shaken thoroughly for 
5 minutes. It is then set aside for 24 hours with occasional 
shaking. Care should be taken to shake the mixture repeatedly 
during the first three hours. The floccuicnt precipitate of semi- 

') Zeitschr. Untersuch. der NahrunRS- u. Genuftmittel 8 (tdOS), 8t7. Comp, 
also Report of Schimraet b Ca April IIHh, 19. 

h Report of Schimmel b Co. April ttlM, 2t. 

’) As to the method of preparation comp. Kerp and Unger, Bert. Berichte 
SO (1897), 585; also Weddige, )ourn, f. prakt:C^ejji.,10 (1874), 196. 
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oxamazone is filtered by means of a Gooch crucible (prepared 
with asbestos, dried and weighed), washed with cold water and 
dried at 105" until of constant weight. If a is the amount of 
cinnamic aldehyde semioxamazone, s the amount of oil used, 
the percentage of cinnamic aldehyde can be computed with the 
aid of the formula 

•I. 60,83 
s 

This method can also be used for determining the amount 
of cinnamic aldehyde in cinnamon bark. For this purpose 
Manus gives special directions. 

For the determination of small amounts of aldehyde neither 
the bisulphite nor the sulphite method is adapted since both 
yield results that may vary from 1 to 2 p. c. Hence the error 
is too great for small amounts of aldehyde. For cinnamic aldehyde 
the method of HanuS affords a reliable assay in such cases. 

Small amounts of benzaldehyde can be determined, ac¬ 
cording to Herissey,') as phenylhydrazone according to the 
following method: 

50 cc. of the solution to be examined, which should contain 
only .so much aldehyde as to yield 0,1 to 0,25 g. of phenyl¬ 
hydrazone, are mixed with a solution of 0,5 cc, freshly distilled 
phenylhydrazine and 0,25 cc. glacial acetic acid in 50 cc. of 
water and the mixture heated for 20 to 30 minutes on a water bath. 
After 12 hours the phenylhydrazone formed is filtered through a 
weighed Gooch crucible, washed with 20 cc. water and dried in 
a vacuum desiccator. 

Very similar is the method of Denis and Dunbar.'-) Woodman 
and Lyford“) have suggested a colorimetric method for this purpose 
which need not be considered here. 

The problem of the citral assay of lemon oil, which con¬ 
tains about 4 to 7 p. c. of this aldehyde, has received much 
attention from chemists, particularly in recent years. Of the 
many methods proposed not one has thus far been found practi- 

‘) |oum. de Phamr. et Chim. VI. St (IdOe), 60. 

‘) journ. Ind. and Eng. Chem. ISRW, 256. According to Chem. Ztg. Report. 
:»(1904), 281. 

|ourn, Americ. chem, Soc, 80 (1908), 1607. 
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cable since all fall short in the desired degree of accuracy. 
(For details sec under oil of lemon.) If approximate results are 
sufficient the method proposed by Walther') and as improved 
by A. H. IJcnnet'-) can be recommended: To a mixture of 20 cc. 
lemon oil with 20 cc. alcoholic (80 p. c. alcohol) half-normal 
hydroxylaminc hydrochloride solution, 8 cc. of alcoholic normal 
potassium hydroxide solution and 20 cc. of strong, aldehyde-free 
alcohol arc added and the whole boiled for ' hour, the flask 
being connected with a reflux condenser. After cooling the 
contents are diluted with 250 cc. of water, part of which is used 
to rinse the condenser. The hydrochloric acid still combined 
with hydroxylamine is then neutralized, phcnolphthalcin being 
used as indicator. The hydroxylamine not combined with citral 
can now be titrated with half-normal sulphuric acid, the end of 
the reaction being ascertained by testing a drop at a lime with 
dilute methylorange solution, A blank test is made in like' 
manner without lemon oil for the purpose of determining the 
hydroxylaminc factor. The difference between the number of 
cc. of half-normal sulphuric acid u.sed in both tests reveals the 
amount of hydroxylamine that has entered into reaction. By 
multiplying this with 0,076 the amount of citral can be computed. 

As has been ascertained by Schinmiel 9 Co.') the results 
obtained by this method average about 10 p. c. too low as com¬ 
pared with the amount of citral present. For lemon oils, with 
their low citral content, the error may not be too great, but for 
oils, such as lemongrass, with a high percentage of aldehyde 
the method cannot be used. 

Vanillin. For thj assay of vanillin, its compounds with 
jf-naphthylhydrazine und /)-bromphcnylhydrazine may, according 
to Hanu.^,*) be utilized. For every part of vanillin 2 to 3 parts 
of hydrazine are taken. After 5 hours the reaction products are 
collected in a Gooch crucible, washed, and dried at 90 to 100 ' 
until of constant weight. 

') Pharm. Zentralh. W (I8«), e2t; 41 (1400), 614. 

') Analyst :U (1404), 14. According to Zentralbl. IWII*, I. 540. 

*) Report of Schiinniel S Co. October JfHW, 153. 

0 Zeitschr. Untersuch. dei riahrungs- u. Genufimittel (1900), 531. Ac¬ 
cording to Chem. i^entratbl. 1^, II. f)93. 
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only .so much aldehyde as to yield 0,1 to 0,25 g. of phenyl¬ 
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water and the mixture heated for 20 to 30 minutes on a water bath. 
After 12 hours the phenylhydrazone formed is filtered through a 
weighed Gooch crucible, washed with 20 cc. water and dried in 
a vacuum desiccator. 

Very similar is the method of Denis and Dunbar.'-) Woodman 
and Lyford“) have suggested a colorimetric method for this purpose 
which need not be considered here. 

The problem of the citral assay of lemon oil, which con¬ 
tains about 4 to 7 p. c. of this aldehyde, has received much 
attention from chemists, particularly in recent years. Of the 
many methods proposed not one has thus far been found practi- 

‘) |oum. de Phamr. et Chim. VI. St (IdOe), 60. 

‘) journ. Ind. and Eng. Chem. ISRW, 256. According to Chem. Ztg. Report. 
:»(1904), 281. 

|ourn, Americ. chem, Soc, 80 (1908), 1607. 
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Menthone. Thus far the direct assay of menthone has not 
been a success. Hence one is still dependent on the indirect 
method first proposed by Power and Kleber,') whereby the ketone 
is reduced to menthol by means of sodium and alcohol, and the 
menthol determined quantitatively. As has been shown in con¬ 
nection with mixtures of known menthone content, approximate 
results only arc obtained. For practical purposes they may, 
however, suffice in most instances. The assay is carried out as 
follows: 15 cc. of oil, contained in a round bottomed flask, are 
diluted with about four times their volume of absolute alcohol,-) 
the flask connected with a reflux condenser and the solution 
heated to boiling. To the boiling solution 5 to 6 g. metallic 
sodium arc added very gradually. After all of the sodium has 
been consumed, the mixture is allowed to cool, diluted with 
water and acidulated with acetic acid. By means of a separating 
funnel the oil is separated from the aqueous liquid, washed- 
repeatedly with sodium chloride solution for the purpose of 
removing completely the ethyl alcohol, and dried with anhydrous 
sodium sulphate. By means of acetylation the menthol content 
of the original as well as that of the reduced oil is ascertained, 
thus revealing the amount of menthol produced by the reduction. 
From this the amount of menthone contained in the original oil 
can be computed. If the original oil contained m,"«total menthol, 
and the reduced oil Wjthe percentage of menthone of the 
original oil follows from the formula 

(m.,—m,)-154 
‘ 156 

lonone. For the quantitative determination of ionone see 
p. 468. 

PHENOL DETERMINATION. 

For the determination of phenols the method of shaking out 
with dilute sodium hydroxide solution has proven satisfactory. 

‘) Pharra. Rundsch. (Mew York) IS (1894), 162; Arch, der Pharin. S82 
0894), 655. 

5 Absolute alcohol is preferable to such containing water, since the 
reduction is more compleie and the sodium aicoholate formed is kept better 
in solution. Beckmann, |oum. f. prakt. Chem. IL 55 (1897), 18. 



Phenol nETERiniNATiON. 


591 


It was first applied by Gildemeister') to oil of thyme, is readily 
carried out and for practical purposes is sufficiently accurate. 
In as much as all phenols yield water-soluble compounds with 
the alkalies, the method is quite generally applicable for volatile 
oils. However, as has been pointed out by Schimmel 8| Co.,*) 
the concentration of the alkali*) has to be chosen with reference 
to the phenol to be determined. For thymol or carvacrol-containing 
oils (oils of ajowan, thyme, Cretian origanum oil) a five percent, 
solution is employed as originally suggested by Gildemeister 
(loc. cit). Eugenol-containing oils (oils of clove, clove stems, 
pimenta, bay and cinnamon leaves), however, arc to be shaken 
out with a three percent, solution. If in the latter case a stronger 
solution is used, the results obtained arc too high, for the excess 
of alkali together with the eugcnol alkali cxcrcice a solvent capacity 
on the nonphenol constituents, more particularly those containing 
oxygen. It may happen that oils with a high eugenol content 
are completely dissolved in the alkali. For this reason Umney’s*) 
proposition to use a 10 to 12 p. c. caustic potash solution is to 
be rejected, for the results obtained are always too high. The 
idea might readily suggest itself always to use a three percent 
solution. However, it has been shown that thymol and carvacrol 
are not quantitatively removed by such a solution. 

The assay is conducted in the following manner: To 10 cc. 
of oil contained in a cassia flask that has a capacity of at least 
100 cc. (fig. 75, p. 583) enough three or five percent. cau.stic soda 
solution is added to fill the flask about four-fifths. The mixture 
is thoroughly and repeatedly shaken. That portion of the oil 
which has not entered into reaction is driven into the neck of 
the flask by the addition of more lye. Geqfle tapping or rotation 
of the flask are resorted to, if necessary, to cause any oily drops 
that adhere to the glass walls to rise into the neck. After all 
of the nonphenols have risen into the neck, a process that usually 

*) Hager, Fischer and Hartwich, Kommentar turn Ameibuch far das 
Deutsche lieich. 3. Ausgabe. Berlin 1892. I. Ed., Vol. II, p. 877. 

*) Report of Schimmel h Co. April 1907, 118. 

‘) It should be specially mentioned that it makes no difference whether 
soda lye or potash lye be used. Because of the higher molecular weight of 
the latter, somewhat more solution, however, will have to be used. 

*) Pharmaceutical |oum. 111. H (1895), 951. 
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requires several hours, their volume is read off by means of the 
calibration. Substracting this number from 10 yields the amount 
of oil dissolved and multiplication of this number with 10 the 
phenol content of the oil expressed in volume percent. 

In the case of oil of cloves, the mixture is heated in a 
water bath for 10 minutes. The object of this is to saponify 
the aceteugenol, which is of equal value in the assay of the oil, 
and to determine it together with the free eugenol. 

In place of the cassia flask a large burette can be used. 
In as much as these burettes, as a rule, have a capacity of but 
bO cc., they should be used only where a five percent lye is 
applicable. Otherwise it might occur that the amount of alkali 
should prove insufficient for the complete solution of the phenol. 
In the case of oil of cloves a cassia fla.sk will be used for the 
reason that the mixture is to be heated on a water bath. 

If for the purpo.se of identification the phenol is to be isolated-, 
the phenol-containing lye is separated from the oil, filtered through 
a moist, hardened filler, and the phenol regenerated by means 
of dilute sulphuric acid. The liberated phenol is shaken out with 
ether, the solution transferred to an evaporating dish, and the 
ether evaporated. The residual phenol can be identified by 
means of suitable derivatives. Thymol is identified readily since 
it solidifies upon cooling cither by itself or when inocculatcd 
with a fragment of thymol. 

Other methods for the quantitative determination of phenols 
have been worked out by Schryver, by Verley and Boelsing, 
and by Hesse. However, they are not used as commonly as 
the one described. Under special circumstances, however, the 
one or the other mcjhod may prove useful, more particularly if 
only little oil is available. 

Schryver') makes use of the property of sodium amide, 
NaMHj, to react with the phenols in such a way that the phenol 
hydrogen is replaced by the sodium and ammonia is set free. 
The latter is combined with acid and titrated. 

The process is carried out in the following manner; ^bout 
\ g,. of sodom mvdo vs a ptywiieT, wasTied two 

or three times by decantation with benzene, and transferred to 


') lourn. Soc. chem. Indiistrv is (IfWll .sa 
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a 200 cc. flask with a wide neck, which is provided with a 
separating funnel and a condenser. 50 to 60 cc. of benzene 
free from thiophene are then transferred to the flask and boiled 
on a water batli. At the same time air free from carbon dioxide 
is drawn into the flask hy means of a suction pump and through 
the separating funnel, the stem of which passes beneath the surface 
of the benzene. After boiling for ten minutes the last traces 
of ammonia adhering to the sodium amide have been drawn 
off. 20 cc. of normal .sulphuric acid are then given into a receiver 
and this connected with the condenser. Now a solution of I to 
2 g. of the phenol or of the volatile oil are allowed to flow slowly 
from the separating funnel into the boiling mixture of sodium 
amide and benzene. The separating funnel is washed with some 
benzene and air is sucked through the apparatus until all of the 
ammonia has been absorbed by the acid in the receiver. This 
usually requires one and a quarter hours. Finally, the excess of 
sulphuric acid in the receiver is titrated with sodium carbonate 
solution, methyl orange being used as indicator. The result is 
expressed as percent of phenol or, in the case of unknown phenols, 
as hydroxyl number. The “hydroxyl value" is defined by Schryver 
as the number of cc. of normal .sulphuric acid necessary to neu¬ 
tralize the ammonia set free by 1 g. of substance if the conditions 
described above are followed. 

This method, which determines only free phenols, is appliciable 
only for such oils that arc free from alcohols, aldehydes and 
ketones, to those oils that arc mixtures of phenols and tcrpencs.') 
On account of the great capacity of the amide to react with water, 
the oils must be, in addition, absolutely free from moisture. 

The method of Verley and Boelsing-) *is based on the ob¬ 
servation that the phenols react energetically in the cold with 
acetic acid anhydride provided pyridine be present. The acetic 
acid resulting combines directly with pyridine. In as much as 
pyridine is neutral towards phenolphthalein, the acetic acid not 
combined with phenol can be determined titrimetrically. For the 
assay about 3 g. of oil arc heated for 15 minutes with 25 cc. of 
a mixture of 120 g. acetic acid anhydride and 880 g. pyridine 


‘) Report of Schimmel & Co. October ISM, 129. 
•) Bert. Berichte M (1901), 3354. 
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in a 200 cc. flask without condenser on a water bath. Upon 
cooling an equal volume of water is added to convert any un¬ 
changed acetic acid anhydride into acetic acid, /. c., into pyridine 
acetate. The acetic acid not combined with phenol is then titrated 
back, using phcnolphthalcin as indicator. In like manner the 
acetic acid content of 25 cc. of the mixture is established. Sub¬ 
traction reveals the amount of acetic acid combined with the 
phenol, whence the phenol content of the oil can be computed. 

Phenol present as ester, e.aceteugcnol in oil of cloves, 
is not determined by this method. How'ever, it should be noted 
that the oils to be examined should contain no alcohols since 
these react like the phenols. 

According to the method proposed by Hesse,') phenols and 
more particularly phenol carboxylic esters, such as salicylic 
acid, can be determined. The oil to be examined is dissolved 
as .sucli, or after previous dilution with an indifferent solvent 
(benzyl alcohol) in three parts of anhydrous ether. To the cooled 
.solution half-normal alcoholic potassium hydroxide is carefully 
added, when the potassium compound of the phenol or phenol- 
carboxylic ester separates in crystalline form. The crystals are 
filtered off, washed with anhydrous ether, and dccompo.scd with 
carbonic acid. The amount of phenol or ester set free can be 
determined by weight. If, in the case of small amounts, the 
alkali formed is to be determined titrimctrically, a considerable 
excess of pota,ssium hydroxide .should be avoided, otherwise it 
may occur that solid alkali as well as pota.ssium phcnylate may 
separate out. 

In addition to tkese general methods several special methods 
arc known which may here be described. 

Tor the determination of thymol and carvacrol in volatile oils 
Kremers and Schreiner'-) have worked out a method. It is a 
modification of the method recommended by Messingcr and 
Vortmann") and depends upon the property of these phenols to 
combine, in alkaline solution, with iodine to a red iodine thymol 

') Chem. Zeitschr. i (ID03), 434. 

3 Pharm. Review 14 (tfWti), ZJt. 

■') Bert. Berichle S (t890), 2753. 
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compound which is precipitated. The excess of iodine, after 
acidulation of the liquid, can be titrated back with sodium 
thiosulphate solution. Every molecule of thymol, respectively 
carvacrol, requires 4 atoms of iodine for precipitation. 

The process for thymol, which differs slightly from that for 
carvacrol, is as follows: 

5 cc. of the oil to be assayed are weighed, transferred to a 
glass-stoppered burette that is calibrated into ‘ i« cc., and diluted 
with about an equal volume of petroleum ether. Eive p. c. soda 
solution is added, the mixture well shaken and then allowed to 
separate. Complete separation having resulted, the alkaline 
solution is allowed to flow into a 100 cc. measuring flask and 
the shaking out with alkali solution repeated as often as a 
diminution of volume results. 

The alkaline thymol solution is diluted with 5 p. c. sodium 
hydroxide solution to 100 cc. or, it necessary, to 200 cc. 

To to cc. of this solution, transferred to a 500 cc. measuring 
N 

flask, a slight excess of iodine solution is added causing the 

thymol to be precipitated as a dark brown iodine compound. In 
order to test whether .sufficient iodine has been added, a few drops 
arc transferred to a test tube and several drops of hydrochloric 
acid added. If a sufficient amount of iodine has been added, 
the solution is colored brown by free iodine, otherwise it becomes 
milky due to precipitated thymol. An excess of iodine having 
been added, the solution is acidified with dilute hydrochloric acid 
and diluted to 500 cc. In 100 cc. of the filtrate the excess of 
• • fi 

iodine is titrated by means of sodium Thiosulphate solution. 

The number of cc. of thiosulphate solution arc deducted 
from the volume of iodine used and the resultant multiplied by 
five, this product indicating the total amount of iodine used by 
the thymol. 

N 

Each cc. of jp iodine solution con.sumed corresponds to 
0,0037528 g. thymol. 

From the amount of thymol found in the alkaline solution the 
percentage of phenol in the original oil can readily be computed. 

*» 38* 
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The reaction can be expressed by means of the following 
equation: 

C,„H„0 |-4l+2NaOH C,„H,,,LO + 2Nal-t-2H,0. 

In the assay of carvacrol a slight modification becomes 
necessary because the carvacrol iodide separates milky. In order 
to cause the formation of a precipitate the mixture is shaken 
thoroughly after the iodine has been added and then filtered. 
It is only then that the solution is acidified with hydrochloric 
acid. The process after that is the same as for thymol. The 
computation is likewise the same. 

A method for the assay of eugenol in caraway oil has been 
suggested by Thoms.’) The method is ba.sed on the separation 
of eugenol as benzoyl eugenol. It enjoys the advantage that a 
melting point determination reveals identity as well as purity of 
the separated phenol. Somewhat later Thoms'’) modified this 
method by removing the sesquiterpenes, which interfere at times', 
before adding the benzoyl chloride. He enlarged upon it by 
taking into consideration the eugenol acetate occurring in the oil. 

Assay ol total eugenol. 5 g. of oil of cloves, contained in 
a 150 cc. beaker, are saponified with 20 g. of 15p. c. caustic 
soda solution by heating on a water bath for half an hour. When 
still warm the contents of the beaker are transferred to a separating 
funnel with a short tube. After complete separation of the two 
layers, the solution of eugenol sodium is transferred back to 
the beaker. The sesquiterpenes remaining in the separating 
funnel are washed twice, each time with 5 cc. of 15 p. c. caustic 
soda solution and the lye in each case added to the eugenol 
sodium solution. 6 g. ol benzoyl chloride are now added and the 
mixture shaken thoroughly until a uniform mixture has been 
obtained. In a few minutes the ester formation has taken place 
with appreciable rise of temperature. Any excess of benzoyl 
chloride is destroyed by brief heating on the water bath. After 
cooling 50 cc. of water are added, the mixture heated until the 
crystalline ester has been liquified, and again allowed to cool. 
The supernatant, clear liquid is removed by filtration, allowing 
the crystalline cake to remain in the beaker. Again 50 cc. of 

') Berichte d. deutsch. pharni Ges. I (1891), 278. 

*) Arch, der Pharm. *41 (1903), 592. 



Phenol determination. 


597 


water are added, heated on a water bath until the ester has 
melted, cooled and filtered. Finally, the ester is washed a third 
time in like manner with 50 cc. of water. The excess of caustic 
soda and sodium salts are then regarded as having been removed. 

Any crystalline particles that have been cought in the filter 
are retransferred to the beaker. The benzoyl cugenol, while still 
moist, is dissolved in 25 cc. of alcohol (90 p. c. by weight) with 
the aid of the heat of the water bath and gentle agitation. Even 
after the beaker has been removed from the water bath, the 
shaking is continued until the benzoyl cugenol has crystallized 
out. This takes place within .several minutes. The temperature 
of the mixture is lowered to 17 ', the precipitate collected on a 
filter 9 cm. in diameter, and the filtrate collected in a graduated 
cylinder. About 20 cc. of filtrate arc thus obtained. The alcoholic 
solution that has been retained by the crystalline magma in the 
filter is displaced by 90 p. c. (by weight) alcohol until the filtrate 
amounts to 25 ccm. The moist filter and precipitate are then 
transferred to a weighing dish (the latter together with the 
filter dried at 101 having been weighed previously), and dried 
at 101 until of constant weight. In as much as 25 cc. of 90 p. c. 
alcohol dissolve 0,55 g. of pure benzoyl cugenol at 17 , this 
amount should be added to the amount weighed. 

If a stands for the amount of benzoic ester found, b for 
the amount of clove oil employed (about 5 g.), and if 25 cc. of 
alcoholic solution of ester arc removed by filtration in accordance 
with the above directions, then the percentage of eugcnol in 
clove oil is indicated by the formula 

4100 (a-| 0,55) 
bib * 

This formula results from the two equations: 


(Benzoyl eugenol) (Eugenol) 

268 164 “ (a i 0,55); the amount of cugenol found. 


Eugcnol 


Hence b-. 


164 (a I- 0,55) 
268 


164-(a+ 0,55) 


268 

100:a. 


I64(a + 0,55)10q 4t00(a + 0,55) 

268 Z> 67-6^ 
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/^ssoy ot free eugenol. 5 g. of clove oil dissolved in 20 g. 
ether are quickly .shaken out in a separating funnel with 20 g. 
of 15 p. c. caustic soda solution. The eiigcnol .sodium solution 
is transferred to a beaker and the ethereal solution of sesqui¬ 
terpenes is washed twice with 5 g. each of caustic soda solution 
of like strength. The united alkaline solutions arc heated on a 
water bath for the purpose of driving off the ether and the 
benzoyiation carried out in the manner described above. 

Thus the free cugenol as well as that present as ester can 
be determined quantitatively. Thom’s method can be applied 
equally well to other eiigenol-containing oils provided they con¬ 
tain no free alcohols. 

METtlYI. NUMBER. 

A number of volatile oils contain as important constituents 
methyl and ethyl ethers of phenols and acids, the alkyl groups 
of which can be determined according to /eisel's method.') Bene- 
dikt and Griissner-) have recommended the quantitative methoxyl 
determination for the practical and scientific investigation of 
volatile oils, and have shown its usefulness by a series of 
illustrations. They designate as methyl number that number 
which tells how tnany mg. of methyl I g. of sub.stance splits off 
when boiled with hydriodic acid. Ethyl or propyl and /isopropyl 
are here considered as having been replaced by the equivalent 
amount of methyl. The weighed amount of silver iodide is 
therefore in all cases calculated as methyl. 

The vapors of methyl iodide formed by boiling from 0,2 to 
0,3 g. of the oil to be ifivestigated with hydriodic acid (sp. gr. 1,70, 
to which, according to Herzig ') 8"ii of acetic acid are added) 
are first passed through some warm water in which some phos¬ 
phorus is suspended, so as to retain any iodine vapors which 
may have been carried over. After the methyl iodide has passed 
through this apparatus it is passed into an alcoholic solution of 
silver nitrate and the separated silver iodide weighed. 

') Monatsh. f. Chem. <i (1885), W. 

’) Chem. Ztg. 13 (1889), 872, 1087. 

•) Monatsh. f. Chem. » 0888), 544. 
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A very convenient apparatus has been designed by L. Ehmann') 
for carrying out this determination. 

Gregor'-) has recently suggested to replace the phosphorus 
suspended in water by a solution of one part each of potassium 
bicarbonate and arsenous acid in 10 parts of water, by which 
not only the iodine vapors but also any hydriodic acid carried 
over is retained, h'or collecting the methyl iodide Gregor uses 
a ' normal silver nitrate solution which has been acidified with 
nitric acid and titrates back the silver not used for the precipitation 
of the silver iodide with ' ii> normal potassium sulphocyanate 
.solution according to Volhard. 

Of the oils invc.stigatcd by licncdikt and Griissner the following 
gave no methyl numbers: the oils of wormwood, bitter almond, 
angelica, bergamot, caraway, lemon, copaib.a-balsam, coriander, 
cubeb, elemi, eucalyptus, geranium, juniper, cherry laurel, lavender, 
spearmint, peppermint, olibanum, oil of /-Vahs nionlMUi, savin, 
East Indian and West Indian sandalwood, turpentine and valerian. 

High methyl numbers were given by anise oil, star anise oil 
and fennel oil on account of their content of anethol and methyl 
chavicol, by clove oil, clove stem oil and oil of cinnamon leaves 
on account of their content of cugenol. In wintergreen oil the 
high methyl number is due to the methyl salicylate, in parsley 
oil to the apiol, and in calamus oil to its asaronc ') content. 

The determination is applicable only to oils absolutely free 
from alcohol, as ethyl alcohol itself gives a methyl number, 
from which it follows, that this method may also be used for 
the quantitative estimation of alcohol in those oils which in their 
pure condition do not contain any methoxyl groups.') 

') Description and illustration ol the appafctus are to be lound in 
Chem.ZtB. 14 (ISdOl, 1707. 

') Monatsh. f. Chem. 1» (I8W), 116. 

'I Thoms and Beek,strocm, Berl. Berichte :h'> (1402), .ildt. 

') The methyl numbers of some of the oils examined by Bcnedikt and 
Grussner can be explained only by assuming the presence of alcohol. It is 
to be regretted that the physical constants ol the oils were not recorded so 
that some iudgement might be pa.s.sed on their purity. For the Ceylon 
cinnamon oil marked No. 22 in the paper of Benedikt and Grussner they find 
25,7 as methyl number and compute therefore a 28,1 p.c. cugenol content. 
In as much as pure Ceylon cinnamon oil contains only 4 to 8p.c. eugenol, 
it would seem to follow (provided the methyl number found was due only 
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CINEOL DETERMINATION. 

In addition to fractional distillation, several methods for the 
assay of cineol have been recommended. They ail depend on 
the capacity of cineol to form addition products with certain other 
compounds. The description of the individual method is here given. 

1. Distillation method.') The oil to be examined is fraction¬ 
ated, fractions of two degrees each being collected, placed in a 
freezing mixture and their temperature reduced to - 15 to —18". 
Attempts are then made to cause them to congeal by shaking 
or by introducing a cineol crystal. After having stood in the 
freezing mixture for an hour, the liquid portion is drawn off by 
means of a pipette drawn out to a fine point. With some ex¬ 
perience a well nigh dry mass of crystals can be obtained, from 
which the last traces of liquid can be removed by shaking the 
crystals. The liquified cineol of all fractions is united and weighed. 

In as much as a portion of the cineol remains dissolved in 
the terpcncs, all of the cineol is not obtained by this method. 
Hence the method is applicable only then when it is desired to 
ascertain which of a number of oils is richest in cineol. 

2. Hydmgen bromide method. Into a solution of 10 cc. of 
oil in 40 cc. of low boiling petroleum ether (b. p. 35 to 40 ), 
thoroughly chilled in a freezing mixture, ab,solutely dry hydrogen 
bromide is pas-sed so long as a precipitate continues to be formed. 
The purely white cineol hydrobromide (C,„H|,0-HBr) is quickly 
separated with the aid of a suction pump and washed with 
cold petroleum ether. Into the filtrate more hydrogen bromide 
is passed and, if additional precipitate results, this is collected 
separately and combined with the bulk of precipitate first obtained 
and separated. 

to eupenol) that the oil had been adulterated with cinnamon leaf oil rich In 
eugenoi. This example reveals that the methyl numbers reported should be 
adopted cautiously. It w'ould be desirable indeed to repeat the determinations 
In connection with oils the purity oi which has previously been established 
by other means. Only thus can desirable data be obtained which will give 
this method practical value. For the scientific Investigation of volatile oils 
the methoxyl determination should prove exceedingly valuable since it reveals 
the presence or absence of phenol ethers or acid esters containing methyl, 
ethyl or propyl groups. 

') Helbing’s Pharmacological Record No. VIII. London 1892. 
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In order to remove the petroleum ether, the cineol hydro¬ 
bromide is left in a vacuum desiccator for a quarter of an hour. 
It is then transferred to a cassia flask with the aid of a little 
alcohol and decomposed with water. By the addition of more 
water the cineol is raised into the neck of the flask and its 
volume read off by means of the graduated scale. Multiplication 
with 10 yields the percentage of cineol by volume in the oil. 

3. Phosphoric acid method,') adopted by the U. S. Phar¬ 
macopoeia, Sth decennial revision. To a solution of 10 cc. of oil 
in .'50 cc. petroleum ether, which is thoroughly chilled in a freezing 
mixture, concentrated phosphoric acid is gradually added while 
stirring until the white precipitate (C,„H„O H,PO,) attains a 
yellowish or reddish tint. The crystalline mass is removed with 
the aid of a force filter, washed with petroleum ether, dried by 
pressing between porous plates, and decomposed with water. 
The regenerated cineol is measured and the volume percentage 
computed. 

Both the hydrobromic acid and phosphoric acid methods 
suffer form the drawback that their addition products with 
cineol arc readily dccomposible thus rendering difficult a quanti¬ 
tative .separation. In consequence the re.sults, as shown by 
Schimmei S Co.") in connection with trial assays of mixtures of 
known cineol content, are unreliable. In part they deviate very 
materially from the true composition. Nevertheless, the hydrogen 
bromide method may prove useful in cases where the cineol 
content is low since then all other methods fail. 

4. Pesorcinol method. Recently a method has been worked 
out in the laboratory of Schimmei § Co.'j'which depends on the 

') The method was first suggested by Helbing and Passmore who, however, 
employed no diluent. Helbing’s Pharmacological Record No. XXIV. London 
1893. Kebler attempted to introduce an improvement by titrating the phosphoric 
acid set free from the regenerated cineol after the cineol phosphate had been 
expressed. Americ. )ourn. Pharm. JO (1898), 492. If one, however, recalls how 
difficult it is to remove the sirupy phosphoric acid from the tough cineol 
phosphate cake, this change is not likely to enjoy the confidence of the analyst. 

') Report of Schimmei h Co. October 10OJ, 47. 

’) Report of Schimmei & Co. October 1‘JOJ, 47; Wiegand and Lehmann, 
Chem. Ztg. S2 (1908), 109; Report of Schimmei 6 Co. April 1*08, 52. 
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property of cineol to form an addition product with resorcinol 
which is soluble in an excess of concentrated resorcinol solution. 
Method of procedure; To 10 cc. of oil contained in a 100 cc. 
cassia flask (fig. 75, p. 583) enough 50 p. c. resorcinol solution 
is added to fill the flask about four-fifths. Tor five minutes the 
mixture is thoroughly shaken, then that portion of the oil which 
has not gone into solution is driven into the neck with resorcinol 
solution. Any oily particles adhering to the walls of the flask 
arc cau.scd to rise to the surface by rotating the flask or gently 
tapping it. After the resorcinol solution has become perfectly 
clear, which usually requires .several hours, the volume of oil 
remaining is read off, the cineol content ascertained by subtracting 
this amount from 10 and the resultant multiplied with 10 in order 
to obtain the percentage by volume. Oils very rich in cineol 
are advantageously diluted with an equal volume of turpentine 
oil since the cineolrcsorcinol occasionally crystallizes from coO' 
centrated solutions thus rendering futile the entire process. 

The method as described above is to be applied only to such 
oils that contain no appreciable amounts of oxygenated compounds 
(alcohols, aldehydes) since resorcinol di.ssolve.s these also, thus 
causing the results to be too high. In all other cases the assay 
is carried out, not with the original oil but with the cineol fraction. 
For this purpose 100 cc. of oil arc distilled from a Ladenburg 
fractionating flask with three bulbs (fig. 71, p. 566) at such a 
rate that a drop is collected each second. Fraction 170 to 190 ', 
which contains all of the cineol of the oil, is collected separately 
and its volume ascertained. The cineol content of this fraction 
is then determined as described above and the percentage of 
cineol in the original oH computed. In the examination of mixtures 
of known cineol content, Wiegand and Lehmann have shown 
that the error is at most 2"n. 

If only small amounts of oil arc available the method can be 
modified so as to separate the solid resorcinol compound and 
to decompose the latter. With some practice acceptable results 
can thus also be obtained though not with the same certainty as 
with the fractionation method just described. Nevertheless, it 
is preferable to the phosphoric acid addition method since the 
additionproduct of cineol with resorcinol is more stable than 
that with phosphoric acid. 
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10 cc. of oil arc mixed with 20 cc. of a 50 p. c. resorcinol 
solution, if necessary, a crystal of cineol resorcinol is added 
and the resulting crystalline mass is stirred to form a uniform 
mixture. The crystalline mass is separated by means of a force 
filter, pressed between filter paper to remove the last traces of 
oil, and transferred to a beaker. Caustic alkali is then added, 
the mixture gently heated and the liquid transferred to a ca,ssia 
flask by means of a funnel the tube of which passes lo the 
bottom of the flask. The flask Is finally filled lo the mark, the 
amount of separated cineol read off and multiplied by 10 to obtain 
percentage by volume. 

For the regeneration of the resorcinol used lor these de¬ 
terminations steam is passed through the solution from which 
the non-cineol portions of the oil has been prcviou.sly separated. 
The cineol distills over and the aqueous solution is evaporated 
for the recovery of the resorcinol which can be used again for 
another assay. 

HYDROCYANIC ACID ASSAY. 

The qualitative test for hydrogen cyanide has already been 
referred to on p. 5.33. Quantitatively it is best determined 
gravimctiically: About 1 g. of oil is accurately weighed and 
dissolved in 10 to 20 times its volume of alcohol. To this solution 
10 cc. of alcoholic ammonia free from chlorine are added to de¬ 
compose the phcnylhydroxyacctonitrile since otherwise only a part 
of the hydrocyanic acid is determined.') After standing for a 
short time an aqueous solution of silver nitrate is added and the 
mixture acidulated with nitric acid.-') A^tcr the solution has 
become clear, the silver cyanide is is collected on a filter, that 
has been previously dried and weighed, is carefully washed with 
water and dried at 100 until of constant weight. If s represents 
the number of grams of oil used, and a the number of grams 

') Kremers and Schreiner, Pharm. Review It (18%), 1%. 

'5 If much hydrogen cyanide be present, the addition of silver nitrate 
to the atnntoniacal solution soon causes the precipitation of a finely crystalline 
precipitate of silver cyanide ammonia, MHjAgCN. In order to prevent this 
the nitric acid should be added immediately alter the addition of the silver 
nitrate solution. 
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of silver cyanide obtained, the percentage of hydrogen cyanide 
in the oil results from the following formula; 


HCN - 


20,179 

s 


More convenient, but less accurate, because the end reaction 
is ascertainable with difficulty and uncertainty, is the titrimctric 
method according to Vicihaber.') Liebigs’ method, which is 
frequently applied to bitter almond water, is not at all applicable 
to the oil. 

The as.say is carried out according to the following directions; 
About I g, of oil is weighed accurately and shaken with 10 cc, 
of water. In order to split up the cyanhydrin, some freshly 
precipitated magnesium hydroxide is added, then 2 to 3 drops 
of a lOp. c. potas.sium chromate solution as indicator. While 
constantly shaking — in order to insure the intimate contact of 
the oil with the mixture the titration is carried out by slowly 
/Y 

adding jq silver nitrate solution until the red color of the silver 
chromate indicates the end of the reaction. Every cc. of silver 

nitrate solution corresponds to 0,0027018 g, of hydrocyanic acid. 
The percentage can he computed with the aid of the following 
formula; 

0,27018 /) 
s 

N 

in which b represents the number of cc. of j q silver nitrate solution 
and s the number of grams of oil used. 

For prach'cal purposes the titrimctric method may suffice. 
It has been adopted by the U. S. Pharmacopoeia for the hydro¬ 
cyanic acid assay of bitter almond oil. The U. S. P. gives 0,002684 
as factor. The difference is due to the fact that the factor given 
above is based on O - 16 whereas the factor of the U. S. P. is 
based on fi-^ 

Reference should here also be made to a critical discussion 
by Runnel of all gravimetric and volumetric methods for the 
determination of hydrocyanic acid in bitter almond water. 


') Arch, dcr Pharm. ii:t (t878), 408. 

■■■) Apotheker Ztg. 24 (I W), 288, 297, 306, 314, 325, 333, 344, 356. 
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MUSTARD OIL ASSAT’. 

Mustard oil can be assayed by weighing it as thiosinamine, 
or better by double decomposition with aminoniacal silver nitrate 
solution. In this case also thiosinamine is first obtained as 
intermediate product but, as soon as formed, it is decomposed 
with the precipitation of silver sulphide. According to the second 
method distinction is made between the gravimetric process 
(weighing of the precipitated silver sulphide) and the titrimetric 
N 

process (in which jq silver nitrate solution is used and the excess 

of silver nitrate is titrated back). In actual practice the titrimetric 
method is used well nigh exclusively. Lor the sake of com¬ 
pleteness, however, the other two methods are also described. 

Thiosinamine method.') If in a flask 3 g. of mustard oil 
and 3 g. of alcohol arc shaken together with 6 g. of ammonia 
water the mixture becomes clear after standing several hours 
in the cold (quickly at 50') and as a rule separates crystals of 
thiosinamine without coloration. The mother liquid having been 
separated from the crystals is evaporated in such a manner that 
only a part thereof is transferred to the evaporating dish on a 
water bath and new portions added only then when the odor of 
ammonia has disappeared, finally the crystals arc also trans¬ 
ferred to the evaporating dish the last traces being transferred 
with the aid of a little alcohol. The dish is heated on the water 
bath until of constant weight. The 3,25 or at most 3,5 g, of 
thiosinamine (corresponding to from 92,6 to 100"» of y'sothiocyan 
allyl) thus obtained constitute an brownish crystalline mass 
melting at 70" with a leek-like but by no ir^ians penetrating odor. 
It dissolves in 2 parts of warm water to a solution that docs 
not change blue litmus paper, and possesses a bitter but not 
persistent taste. 

It should be remembered, however, that any carbon disulphide 
present is likewise determined as thiosinamine, since with-am¬ 
monia it undergoes the following reaction: 

CS, + 4NH, (NH,)SCN -i- (NH,),S 

Carbon disulphide Ammonia Ammonium thiocyanate Ammonium sulphide 

') Direction according to the German Pharmacopoeia, 'Jt‘‘ ed. 1890. 
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and since the resulting products remain largely behind upon 
evaporation. If the residue amounts to more than 3,5 g. an 
impermissible amount of carbon disulphide is very likely present, 
especially if it has the odor of ammonium sulphide. 

The percentage of /sothiocyan allyl can be computed with 
the aid of the formula: 

.1 ■ 85,34 


in which a represents the amount of thiosinaminc obtained and s 
the amount in grams of mustard oil used, 

Kremel') has suggested the use of ammonia of definite 
strength and to titrate back with hall-normal hydrochloric acid 
the amount not used. Mo results of practical experience with 
this method appear to have been recorded. 


Determination with ammoniacal stiver solution. 


a) Tittinwtric method. To about 5 g. (accurately weighed) 
of a solution of 1 g. mustard oil In 49 g, alcohol and contained 

/Y 

in a 100 cc. measuring flask, 50 cc. of jg silver nitrate solution 


and to cc. ammonia water (d,,. 0,960) are added; the flask, provided 
with a tube 1 meter long (hat serves as reflux condenser, and 
the mixture heated for I hour on a water bath that is in active 
ebullition. After the temperature of the mixture has been reduced 
to that of the room, water is added to the 100 cc. mark, the 
contents .shaken and filtered. To 50 cc. of the filtrate 6 cc. 
of nitric acid (d,..,. 1,153) and a few drops of ferric ammonium 
sulphate arc added and titrated with ammonium thiocyanate until 
the red color remain^ permanent. In order to a.sccrtain the total 
amount of silver solution that has entered into the reaction, the 
number of cc. of ammonium thiocyanate solution used should be 
multiplied by 2 and the product subtracted from 50. If s grams 
of the alcoholic solution of mustard oil have required a cc. of 


IS 

IQ silver nitrate solution the percentage of /sothiocyan allyl in 

the oil is „. 

a •24,78 


s 


') l>harm. Post 21 (1888), 828. 
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The reactions that take place can be represented by the 
following equations. First of all, the ammonia acts with the 
formation of thiosinamine: 

NHC,H. 

CSMC,H, + NH„. C:S 

Nil, 

Ammoniacal silver nitrate breaks up this compound into allyl- 
cynaniidc aud sulphuretted hydrogen; 

NHC,lt, 

C:S CN NHC,H.,-I I1,,S. 

NH., 

The sulphuretted hydrogen combines with the silver oxide 
to form silver sulphide. 

The end reactions can be represented by the following 
empirical equation; 

CSNC,H,-1 3NII,, ;■ 2AgNO„ Ag.S + CNNMQH, I 2NH,NO,. 

The principle of this method dates back to E. Dieterich') 
who, howevci, suggested that the silver sulphide be weighed 
(see below). Gadamcr'-) then modified the method by making 
it titrinietric. Following the directions of E. Dieterich tlie mixture 
was not heated hut set aside for 24 hours. K. Dieterich") as 
well as Firbas') pointed out that the decomposition of the thio¬ 
sinamine with silver nitrate is not complete even after 24 hours 
at room temperature and that accurate values arc received only 
then when the mixture is heated for a short time after the period 
of standing. Kuntze ') determined somcwljat later that at room 
temperature more or less of the silver compound of allylsulpho- 
carbaminic acid ethylester is formed as well as silver sulphide. 
For every molecule of mustard oil this demands but one atom 
of silver, whereas the formation of silver sulphide demands two 


') Helfenberger Annalen ISSB, M. 

«) Arch, dcr Hharm. £>< IIW, 110. Comp, also Arch, dcr Pharm. 
(1908), 59, footnote 2. 

") Pharm, Ztc. 4."> (1900), 768. 

*) Zeitiichr. d. allg. osterr. Apoth. Ver. 58 (1904), 222. 

") Arch, der Pharm. iW (1908), 58. 
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atoms of silver. The result is that less silver nitrate solution 
is used than is necessary for the complete decomposition, hence 
the results arc too low. 

The precipitation of thiourethanc silver is avoided if the 
process is carried out at higher temperature. According to 
Kuntze the best results arc obtained if the process is carried 
out as described above with the exception, however, that the 
mixture is immediately heated on a water bath for I hour. 
According to experiments made by Kuntze, the reduction of the 
silver solution when boiled with alcohol need not be feared. 

b) Gravimetric method, .As already pointed out, the method 
of determining the amount of /'sothiocyanallyl by means of 
ammoniacal silver .solution was first suggested by E. Dieterich 
(ioc. cit.), who, however, weighed the precipitated silver sulphide. 
Somewhat later K. Dieterich ’) modified the method somewhat. 
One proceeds, fir.st of all, as in the titrimctric method, but naturally 
it is not necessary to employ a standardized silver solution. 
After the precipitate has subsided, it is collected by passing the 
hot liquid through a filter that has previously been washed 
successively with ammonia, hot water, alcohol, and ether, dried 
and weighed. The collected precipitate is washed with hot water, 
the water displaced by strong alcohol and this in turn by ether. 
The precipitate thus treated is dried at about 80" until of constant 
weight. The percentage of /sothiocyanallyl in the oil follows 
from the formula 

s 

in which a - the amount in grams of silver sulphide, 
s - the amor-nt in grams of mustard oil used. 

According to Kuntze (Ioc. cit.) useful results are likewise 
obtained according to this method if the mixture is set aside at 
room temperature for 24 hours. Although, as previously indicated, 
thiourethanc silver as well as silver sulphide may result, this 
effects the result but little, since the molecular weights of both 
compounds (248 and 252) are almost the same. As already 
pointed out, the side reaction may cause appreciable differences 
when proceeding according to the titrimetric method. 

Helfenberger Annalen IWO, 182. 
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TEST FOR CHLORINE. 

The tesi for chlorinated products is an important one in 
the examination of bitter almond oil, cherry laurel oil and a 
number of chemical preparations. In the case of the two oils 
mentioned, the test serves as a means to defect adulteration with 
common, technical benzaldehyde; in the case of chemical prepa¬ 
rations it affords a clue as to ttieir purity. The principal chemicals 
of this group are benzylalcohol, benzaldehyde, phcnylacet aldehyde, 
cinnamic aldehyde, synthetic camphor, and benzyl acetate. 

Socalled Beilstein test. A piece of copper oxide fastened 
to a platinum wire is moistened with the oil to be tested and 
held in the outer zone of a Bunsen flame. As soon as the 
carbon has burned away, the presence of chlorine is indicated 
by the greenish or greenish-blue color of the flame. This color 
is produced by volatilizing copper chloride and its intensity and 
duration depends on the amount of chlorine present. 

Lime test. The oil to be tested is mixed intimately with 
about ten times its amount of burnt marble*) free from chlorine 
and the mixture heated to a low red heat in a crucible for a 
short time. Any chlorine that may be present combines with 
the calcium. The powder is dissolved in nitric acid and the 
filtered solution tested for chlorine in the ordinary manner. 

Combustion method:’) This method consists in burning the 
oil and testing the combustion products for hydrogen chloride. 
A piece of filter paper about 5 x 6 cm. is folded, saturated with 
the oil, the excess of oil thrown off, and^ the paper placed in 
a small porcelain capsule which in turn rests within a larger 
porcelain evaporating dish about 20 cm. in diameter. The paper 
is ignited and immediately covered with a beaker of 2 liter 
capacity the inner surface of which is moistened with water. 
The sizes of the implements should be so selected that the rim 
of the larger porcelain dish projects somewhat beyond that of the 
beaker. After the flame has become extinguished, the beaker 


■) In place of the marble, calcined soda free from chlorine may be taken. 
*) Comp. Schimmel’s Berjcht April 181X1, Wj also Report October l»W, 7. 
GiuieiienTeii, Tnt voiame one. 39 
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is allowed to remain in its position for several minutes. The 
products of combustion which have condensed on the inner 
surface of the beaker are then washed into a filter with about 
10 cc. of distilled water. The filtrate, rendered acid with a drop 
of nitric acid, should not be rendered turbid upon the addition 
of silver nitrate test solution. 

This method has proven especially cffecient in the testing 
of volatile oils. Even the minutest traces of chlorine compounds 
can thus be detected. For the sake of absolute certainty a blank 
test should be made with a pure oil, since deceptions may occur 
if the water and the implements used have not been absolutely 
free from chlorine compounds. Compared with the lime test it 
has the advantage of'being more convenient, especially if a large 
number of oils have to be tested. 

in the case of oils containing hydrocyanic acid, deceptions 
may occur if unoxidized hydrogen cyanide is deposited on the 
inner surface of the beaker and washed out with the water. In 
such cases .silver nitrate may produce a turbidity although the 
oil was pure. Such turbidity is due to AgCN and not to AgCI. 
This turbidity, however, differs from that produced by silver 
chloride in its disappearance when the liquid is heated carefully 
not quite to the boiling point. 

Whereas the combustion method is much more delicate and 
reliable than Beilstein’s method when applied to volatile oils, the 
latter is better adapted, according to Stephan,*) as a test for 
chlorine in artificial camphor. 

The quantitative determination of chlorine can be carried out 
according to the well known method of Carius. A definite amount 
of oil is heated with fuming nitric acid in the presence of silver 
nitrate in a scaled tube and the silver chloride thus produced 
is weighed. 

') Comp. Lohmann, Berichte d. deutsch. pharm. Ges. Itt (1900), 222. 
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THE DETECTION OF SOME OF THE MORE 
COMMON ADULTERANTS. 

TURPENTINE OIL 

Turpentine oil may be considered as the adulterant most 
often used. Very often it can be recognized by its characteristic 
odor, especially in those oils which contain no pinenc, as this 
is the main constituent of turpentine oil. In general, its presence 
causes changes in the specific gravity, solubility, boiling temper¬ 
ature and optical rotation. It must here be remembered that 
there are dextro- as well as tevogyrate turpentine oils. 

The positive proof of the presence of turpentine oil in oils, 
which in their pure state contain no pinenc, is furnished by the 
isolation of and characteristic derivates of pinenc. The constituents 
boiling in the neighborhood of 160 ", arc fractionated out and, 
according to the method described on page 296, the pinenc 
nitrosochloride, as well as pinenc nitrolbenzylamine or pinenc 
nitrolpiperidinc are prepared. If the fraction is strongly optically 
active, it is better to identify the pinenc by oxidation to pinonic 
acid (sec p. 297), for the yield of pinenc nitrosochloride decreases 
as the optical activity of pinenc increases. 

If pinene is a normal constituent of the oil, the addition of 
turpentine oil can be recognized by a comparison of the physical 
properties of the lowest boiling fractions of the adulterated oil 
with the corresponding portions of the pure oil. The detection 
of turpentine oil in rosemary oil furnishes an example (see this). 

CEDAR WOOD, COPAIBA AND , 
GUR|UN BALSAM OILS. 

On account of their cheapness and faint odor, these three 
oils belong to the most favored and the most dangerous of 
adulterants. They may, however, be detected without difficulty 
in most cases by means of their physical properties, which differ 
from those of many of the volatile oils, namely their difficult 
solubility in 70 to 90 percent or even stronger alcohol, their high 
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specific gravity (above 0,900), their high boiling temperature, 
above 250°, and finally their rotatory power. 

All three oils turn the plane of polarized light more or less 
to the left. With copaiba balsam oil the jangle of rotation 
lies between •— 7 and — 35V) with cedar wood oil between 
— 25and—44°, and with gurjun balsam oil between —35 and 
-130" (I). 

At present only cedar wood oil and copaiba balsam oil can 
be detected in a chemical way. For this purpose the oil is 
subjected to fractional distillation and the fraction that passes 
over at about 260° examined. The cedrene contained in cedar 
wood oil can be oxidized in acetone solution with potassium 
permanganate to a glycol which melts at 160°, whereas 

caryophylicne can be characterized by means of its hydrate 
(m. p. 94 to 96, see p. 333 and 334). For the detection of gurjun 
balsam oil the observation of Dcussen and Philippi) can possibly 
be utilized. If oxidized in acetone solution with potassium per¬ 
manganate, the indifferent components yield a fraction 170 to 180° 
under 12 mm. pressure, which in turn yields a scmicarbazone, 
C,||Hj,N,|0, that melts at 234°. 

ALCOHOL 

The addition of alcohol to a volatile oil always results in a 
lowering of the specific gravity. When an oil containing alcohol 
is dropped into water, the drops do not remain clear and trans¬ 
parent, as is the case with pure oils, but become opaque and milky. 

For the definite identification of alcohol the suspected oil 
is heated until it just begins to boil,") and the first few drops 
that come over arc co'liccted in a test tube and filtered, to remove 
any oil globules which may also have come over, through a filter 
moistened with water. The filtrate is made strongly alkaline with 
dilute potassa solution, and treated, after heating to 50 to 60°, 

‘) African copaiba baisam oils, the presence of which can be ascertained 
by the identification of cadinene (see p. 329), are dextrogyrate. According 
to the observations thus far recorded, the angle varies between T 16°5I' and 
4-22° 26'. Dextrogyrate gurjunbalsam oils are also said to occur. 

') Liebig’s Annalen S(i9 (1909), 36. 

*) Not all of the alcohol is driven over by heating on the water bapi. 
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with a solution of iodine in potassium iodide, until the solution 
remains slightly yellow. If alcohol is present small crystals of 
iodoform will separate in a short time at the bottom of the 
liquid. It must here be remembered that other bodies, such as 
aldehydes, acetone and acetic ether also yield iodoform under 
the conditions given. 

Larger amounts of alcohol may be removed from volatile 
oils by shaking with water, from which the alcohol may be again 
removed by distillation and identified by the iodoform reaction. 
If the shaking out is done in a graduated cylinder, the increase 
of the aqueous layer corresponds approximately to the amount 
of the alcohol. 

It is better, however, to use sodium chloride solution or 
glycerin, because with these the two layers separate better, and 
a more accurate reading is po.ssibic. 

The alcohol content may also be approximately calculated 
if the specific gravity is determined before and after shaking 
with water. 

If d is the specific gravity ol the oil (at 15"), 

D the specific gravity of the oil shaken with water, and 
s the specific gravity of the alcohol,*) 
the alcohol content of the oil in percent follows from the formula 

(D-d)-m 

D-s 

As already mentioned on page 599 the amount of the alcohol 
in an oil which in itself does not give a methyl number, may 
be determined quantitatively by Zcisel’s methoxyl method. 

FAHY OIL *• 

The volatile oils adulterated with fatty oil leave a permanent 
fatty stain when evaporated on paper. With high boiling and 
difficultly volatile oils, however, similar residues are left, which 
may give rise to mistakes. Fatty oil is insoluble in 90 percent 
alcohol.*) For the separation of the fatty oil from the volatile 

*) The specific gravities of alcohols of varying strengths are given on p.SeS. 

*) Castor oii only is soiuble in 90 p. c. alcohol, but is insoluble in 70 p. c. 
alcohol and in petroleum ether. Mention should also be made ol the slight 
optical activity of castor oil, "o Al>out -|- 5°. 



614 


The examination of volatile oils. 


oil, the latter is distilled off by steam distillation or removed by 
evaporation in an open dish on the water bath. However, it 
should be remembered that some volatile oils, such as bergamot, 
lemon, orange, anise and star-anise oil, leave a residue of several 
percent even when they arc not adulterated. This is also true 
of resinified oils. 

The presence of the fat may be shown qualitatively In the 
residue by heating with potassium bisulphate in a test tube. 
Penetrating odors of acrolein .show its presence. By igniting 
the residue on a platinum foil the characteristic odor of burning 
fat is noticed. 

As the fatty oils give saponification numbers which lie between 
180 and 200, the amount of the fat added can be determined 
quantitatively by .saponification cither directly in the volatile oil 
itself or in the distillation residue. 

Oils that have been adulterated with cocoa nut oil .solidify 
wholly or in part in a freezing mixture. Cocoa nut oil has been 
found in cananga oil, citronclla oil and palmarosa oil and detected 
in this manner. 

MINERAL OIL, PETROLEUM. 

Mineral oil, paraffin oil, kerosene, petroleum and petroleum 
fractions arc insoluble in alcohol and can therefore be detected 
without difficulty in volatile oils; besides, they arc often easily 
recognized by their low specific gravity. Palmarosa oil to which 
.some mineral oil has been added is only partly .soluble in 
70 percent alcohol. If the insoluble portion is successively treated 
with 90 percent and ^absolute alcohol, an oil remains, which in 
the beginning it is true is colored brown by sulphuric or nitric 
acids, but in general resists the action of these acids and also 
of alkalies, and on saponification with alcoholic potassa gives 
no saponification number. 

The mineral oils have different boiling points. The hydro¬ 
carbons of illuminating oil boil at about the same temperature 
as the terpenes. Lower boiling fractions arc said to be some¬ 
times used for adulterating turpentine oil. A higher boiling mineral 
oil, about 250°, has been found in citronella and in gingergrass 
oils. The petroleum fractions of lower boiling temperatures are 
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easily volatile with water vapor, the higher fractions not at all, 
or at least to a small degree only, 

A method for the quantitative estimation of mineral oils 
consists in weighing the residue left after having removed the 
volatile oil by oxidation with fuming nitric acid, as described 
under turpentine oil. According to Herzfcld') concentrated 
sulphuric acid is better adapted to the separation of mineral oil 
than nitric acid. However, the investigators arc very much 
divided in their opinions on this subject. (For details sec under 
turpentine oil in the second volume). Attention should be called 
to the fact that some volatile oils, such as rose oil, chamomile 
oil, orange flower oil and others, contain larger or smaller amounts 
of paraffins as natural constituents. 


CHl-OROFORM. 

This body, which has been found occasionally in volatile 
oils (for instance, in cognac oil), can be isolated by distillation 
on a water bath and identified by the /sonitrilc reaction. This 
consists in that a small amount of the suspected distillate is 
treated with a few drops of aniline and alcoholic caustic soda 
solution, and gently heated. In the presence of chloroform the 
noxious and exceedingly disagreeable .smelling vapors of phenyl- 
/sonitrile are formed. 


ADDITIONS TO INCREASE THE ESTER CONTENT. 

The valuation of such oils as bergamot and lavender according 
to their ester content has led to the occasional adulteration of 
such oils with cheaper esters or organic acids for the purpose of 
increasing their apparent ester content. Among the substances 
added for this purpose the following have been observed ftus 
fan benzoic acid, salicylic acid, oleic acid, diethylsuccinate, tnethyl- 
citrate, glycerylmonacetate, cthyltartrate and terpmylacetate. 

The presence of acids can be detected by means of an 
increase in the acid value, which, in most oils is very small. 
For this reason the advice was given on p. 571 to determine 

‘1 Zeitscht. 1.6fl. Chem. 9 (1903), 454. Comp. Chem. Zentralbl. 1*94,1.54*. 
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the acid value and the ester value separately. The acids can 
be isolated by shaking the oil containing them with dilute soda 
solution, separating the latter and decomposing the salt formed 
with a mineral acid. 

The identification of the esters may be carried out in various 
ways. In most instances the oil is fractionated, the fraction to 
be examined saponified, and the attempt made to characterize 
the components. However, special methods are also employed 
varying with the kind of ester. Thus e. g. fractional saponification 
may lead to the detection of added terpinyl acetate. In consequence 
of the high specific gravity of the esters used for adulteration, 
such adulterated oils become suspicious in many instances be¬ 
cause of their increased density. Details as to such adulterations 
will be found in the second volume under the respective oils. 



Table I 

for Calculating the Percentage Content of Alcohols 
of the Formulas C,„H„0, C,„H,,„0, C„Hj,0 and 
CijHjjO from the Saponification Values before and 
after Acetylation, also the Percentage Content of the 
Acetic Esters of these Alcohols. 


Table 11 


for Determining the Ester Value (Acid Value, Saponi¬ 
fication Value), also the Percentage Content of Alcohol 
and Ester directly from the Number of cc. ^ Potassium 
Hydroxide when 1,50 g. of Oil are used. 
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T 

for Calculating the Percentage Content of Alcohols of the For 
before and after Acetylation, also the Perct 



Cm 

H,.0 



C.oH 

H,0 

( V. 

AccUtc 

Alcohol 

Alcohol in 

. ,i Alclalc 

Alcohol 

1 Alcohol in ' 




inc uiig oiiji 

, the on., oil 1 

1 

0.35 

0,28 

0,28 

0,35 

0,28 

0,28 

2 

0,70 

0,55 

0,55 

0,71 

0,56 

0,56 

3 

i.a5 

0,83 

0,8.3 

1,06 

0,84 

0,84 

4 

1,40 

1,10 

1,10 

1,41 

1,11 

1,12 

5 

1,75 

1,38 

1,38 

1,77 

1,39 

1,40 

6 

2,10 

1,65 

1,66 

2,12 

1,67 

1,68 , 

7 

2,45 

1,93 

1.94 

2,47 

1,95 

1,96 

8 

2,80 

2,20 

221 

2,83 

2,23 

23 

9 

3,15 

2,48 

2,49 

3,18 

2,51 

2,52 . 

to 

3,50 

2,75 

2,77 

3,54 

2,79 

2,81 

II 

3,85 

3,03 

3,85 

3,89 

3,06 

,3,09 

12 

4,20 

3,30 

.3,,33 

4,24 

3,34 

.3,37 

13 

4,55 

3,58 

.3,61 

4,60 

3,62 

3,66 

14 

4,90 

3,85 

3,89 

4,95 

3,90 

3,94 

15 

5,25 

4,13 

4,17 

5,30 

4,18 

4,23 

16 

5,60 

4,40 

4,45 

5,66 

4,46 ' 

4,51 

17 

5,95 

4,68 

4,74 

6,01 

4,74 

4,80 1 

18 

6,.30 

4,95 

.5,02 

6,36 

5,01 

5,08 

19 

6,65 

5,* 

5,30 

6,72 

53 

53 . 

20 

7,00 

5,50 

5,58 

7,07 

5,57 

5,66 

21 

7,35 

5,78 

5,87 

7,42 

5,85 

5,94 

22 

7,70 

6,05 

6,15 

7,78 

6,13 

6,23 

23 

8,05 

6,33 

6,44 

8,13 

6,41 

6,52 

24 

8,40 

6,60 

6,72 

8,49 

6,69 

6,81 

25 

8,75 

6,88 

7,01 

8,84 

6,96 ' 

7,10 

26 

9,10 

7,15 

7,29 

9,19 

7,24 

73 

27 

9,45 

7,43 

7,58 

9,55 

7,52 

7,68 

28 

9,80 

7,70 

7,87 

9,90 

7,80 

7,97 

29 

10,15 

7,98 

8,15 

10,25 

8,08 

83 

30 

10,50 , 

8,25 

8,44 

10,61 

8,36 

83 


E. V. 

1 

2 
3 
4’ 

5 

6 

7 

8 

9 

10 

It 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 - 

23 

24 

25 

26 

27 

28 

29 

30 
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D, C,oH„uO, and from the Saponification Valves 

t of the Acetic Esters of these Alcohols. 



C,,H 

iiO 




1.0 


V. 

Acclatc 

Alcohol 

Alcohol in i 
the ori|; u>! ' 

Acetate 

Alcohol 

Atcohol in 1 
the oriit. Oil | 

b. V. 

1 

0,47 

0,39 

0,39 

0,47 

0,40 

0,40 

1 

2 

0,94 

0,79 

0,79 

0,94 

0,79 

0,79 

2 

3 

1,40 

1,18 

1,18 

1,41 

1,19 

1,19 

3 

4 

1,87 

1,57 

1,58 

1,89 

1,59 

1,59 

4 

5 

2,34 

1,96 

1,97 

2,36 

1,98 

1,99 

5 

6 

2,81 

2,36 

2,37 

2,83 

2,38 

239 

6 

7 

3,28 

2,75 

2,76 

• 3,30 

2,78 

, 2,79 

7 

8 

3,74 

3,14 

3,16 

3,77 

3,17 

3,19 ■ 

8 

Q 

4,21 

3,53 

3,56 

4,24 

3,57 

3,59 

9 

10 

4,68 

3,93 

3,96 

4,71 

3,96 

3,99 

10 

11 

5,15 

4,.32 

4,36 

5,19 

4,36 

4,40 

11 

12 

5,61 

4,71 

4,76 

5,66 

4,76 

4,80 ' 

12 

13 

6,08 

5,11 

5,16 

6,13 

5,15 

5,20 

13 

14 

■ 6,55 

5,50 

5,56 

6,60 

5,55 

5,61 

14 

15 

7,02 

5,89 

5,96 1 

7,07 

5,95 

6,01 

15 

Ui 

7,49 

6,29 

6,36 ' 

7,.54 

6,34 

6,42 

16 

17 

7,95 

6,68 

6,77 

8,01 

6,74 

633 

17 

18 

8,42 

7,07 

7,17 

8,49 

7,14 

733 : 

18 

10 

8,89 

7,46 

7,57 

8,96 

7,.53 

7,64 ■ 

19 

20 

9,36 

7,86 

7,98 

9,43 ■ 

7,93 

8,05 i 

20 

21 

9,83 

8,25 

8,38 

9,90 

8,33 

8,46 

21 

22 

10,29 

8,64 

8,79 

10,37 

8,72 

8,87 ' 

22 

23 

10,76 

9,03 

9,19 

10,84 

9,12 

9,28 : 

23 

24 

11,23 

9,42 

9,60 

11,31 

9,51 

9,69 1 

•24 

25 

11,70 

9,82 

. 10,01 

11,79' 

9,91 

10,10 

25 

26 

12,16 

10,21 

10,42 

12,26 

10,30 

10,51 1 

26 

27 

12,63 

10,60 

10,83 

12,73 

10,70 

10,92 ' 

27 

28 

13,10 . 

11,00 

11,24 

13,20 

. 11,10 

1134 ' 

28 

29 

13,57 

11,39 

11,65 

13,67 

■ 11,49 

11,75 ; 

29 

30 

14,04 

11,79 

12,06 

14,14 

1139 

12,17 

30 
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CwHwO 


E. V. 

1 Acetate 

Alcohcl 

' Alcohol m 
the one 0'^ 

31 

10,85 

8,53 

8,73 

32 

11,20 

8,80 

9,02 

33 

• 11,55 

9,08 

9,31 

34 

: 11,90 

9,,'15 

9,59 

35 

12,25 

9,61 

9,88 

36 

12,60 

9,90 

10,17 

37 

12,95 

10,18 

10,47 

38 

13,;i0 

10,45 

10,76 

;» 

■ 13,65 

10,73 


40 

14,00 

11,00 

11.34 

41 

14„35 

11,28 

IIA'J 

42 

14,70 

11,55 

11 ,Qa 

43 

: 15,05 . 

11,83 

1222 

44 

15,40 

12,10 

12i51 

45 

15,75 

i2,:i8 

12.81 

46 

16,10 

12,65 


47 

16,45 

12,93 

13,40 

48 

1 16,80 

1331 

13,69 

49 

17,15 , 

13,48 

13,99 

50 

17,50 

13,75 

14,29 

51 

17,85 

14,03 

I4,.58 

52 . 

18,20 

14,30 

14,88 

53 . 

18,55 

14,58 

1.5,18 

54 

18,90 

14,85 

15,48 

55 

19,25 

15,13 

15,77 

56 

19,60 

15,40 

16,07 : 

57 

19,95 

15,68 

16,38 

58 

20,30 : 

15,95 

16,68 

59 i 

20,65 ' 

16,23.* 

16,98 

60 

21,00 


17,28 

61 

21,35 

16,78 

17,58 

62 

21,70 


17,88 

63 ' 

22,05 

17,33 

18,18 

64- ' 

22,40 

■US 

18,49 . 

65 . 

22,75 

17,88 

■ 18,79 

66 

23,10 

18,15 

■iB 

67 

23,45 

18,43 : 


68 

23,80 

18,70 


69 ‘ 

24,15 

18,98 

20,01 

70 

24,50 

19,25 

20,32 


CioHyoO 


At cute 

Akohol 

, Alcohol in 
the ong. oil j 

E.V 

10,96 

8,64 

8,84 

31 

11,31 

8,91 

9,13 

32 

11,67 

9,19 

9,43 ; 

33 

12,02 

9,47 

9,72 

34 

12,37 

9,75 

10,01 

35 

12,73 


. 10,31 

36 


10,31 

10,60 

37 

1.3,44 

10,,59 

10,90 

38 

1.3,79 

10,86 

11,19 

39 

I4,14 

11,14 

11,49 

40 

14,50 

11,42 

11,78 

41 

14,85 

11,70 

12,08 

42 

15,20 

11,98 

12 ,,'J8 

43 

15,56 

12,26 

12,68 

44 

15,91 

12,54 

12,97 

45 

16,26 

12,81 

1.3,27 

46 

16,62 

1.3,09 

13,57 

47 

16,97 

13,37 

13,87 

48 

17,32 

13,65 

14,17 

49 

17,68 

13,93 

14,47 

SO 


14,21 

14,77 

51 

18,39 

14,49 

15,07 

52 

18,74 

14,76 

15,38 

53 

19,09 

15,04 

15,68 

54 

19,45 

15,32 

15,98 

55 

19,80 


16,28 

56 

20,15 

15,88 

16,59 

57 

20,51 

16,16 

16,89 

58 

20,86 

16,44 

17,20 

59 

21,21 

16,71 

17,50 

60 

21,57 

16,99 

17,81 , 

61 

21,92 

17,27 

18,11 

62 

22,27 

17,55 

18,42 ! 

63 

22,63 

17,83 

18,73 ; 

64 

22,98 

18,11 

19,04 : 

65 

23,34 

18,39 

19,34 

66 

23,69 

18,66 

19,65 ' 

67 

24,04 

18,94 

19,96 1 

68 

24,40 , 

19,22 

20,27 

69 

24,75 

19,50 

20,58 ^ 

70 
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Ci.H„0 |[ C„H«0 


E. V. 

Acetate 

Alcohol 

i Alcohol lo 1 

1 the orig oil {: 

Acetate 

Alcohol 

Alcohol in j 
' the onfT. oil j 

E.V. 

31 

14,51 

12,18 

12,47 ' 

14,61 

12,28 

12,58 : 

31 

32 

14,98 

12,57 

12,88 

15,08 

12,68 

13,00 

32 

33 

15,45 

12,96 

13,29 

15,55 

13,08 

13,41 

33 

34 

15,91 

13,35 

13,71 

16,02 

13,48 

13/3 

34 

35 

16,38 

13,75 

14,12 

16,50 

13,88 

14/5 

35 

36 

16,85 

14,14 

14,54 

16,97 

14,27 

14,67 ; 

36 

37 

17,32 

14,54 

14,95 

17,44 

14,66 

15,09 i 

37 

38 

17,79 

14,93 

15,37 

17,91 

15,06 

15,51 

38 

39 

18,25 

15,32 

15,78 

18,38 

15,46 

15,93 , 

39 

40 

18,71 

15,71 

16,20 

18,86 

15,86 

16,35 

40 

41 

19,18 

16,10 

16,62 

19,33 

16,25 

16,77 

41 

42 

19,65 

16,50 

17,04 

19,80 

16,65 

17,19 

42 

43 

20,12 

16,89 

17,46 

20,27 

17,05 

■ 17,61 

43 

44 

20,59 

1728 

17,88 

20,74 

17,44 

18,04 

44 

45 

21,05 

17,68 

18,30 

21,21 

17,84 

18,46 

45 

46 

21,52 

18,07 

18,72 

21,69 

18,24 

18,89 

46 

47 

21,99 

18,46 

19,14 

22,16 

18,63 

19,32 

47 

48 

22,46 

18,85 

: 19,56 

22,63 

19,03 

19,74 

48 

49 

22,93 

19,25 

19,98 

23,10 

19,43 

20,17 

49 

50 

23,39 

19,64 

20,41 

23,57 

19,82 

20/9 

50 

51 

23,86 

20,03 

20,83 

24,04 

20/2 

21,02 

51 

52 

24,33 

20,42 

21,26 : 

24,51 

20,62 

21,45 

52 

53 

24,80 

20,82 

'21,68 

24,99 

21,01 

21,88 

53 

54 

25,26 

21,21 

22,11 

25,46 

21,41 

22,31 

54 

55 

25,73 

21,60 

22,54 

25,93 

21,81 

. 22,74 

55 

56 

26,20 

22,00 

22,96 

26,40 

22,20 

23,17 

56 

57 

26,67 

22,39 

23,39 

26,87 

22,60 

23,61 

57 

58 

27,14 

22,78 

23,82 

27,34 

23,00 

24,04 

58 

59 

27,61 

23,17 

24,25 

27,81 

23,39 

24,47 

59 

60 

28,07 

A57 

24,68 , 

28,29 

23,79 

24,91 

60 

61 

28,54 

23,96 

25,11 

28,76 

24,19 

25,34 

61 

62 

29,01 

24,35 

25,54 

29,23 

24,58 

25,77 

62 

63 

29,48 

24,75 

25,97 

29,70 

24,98 

26/1 

63 

64 

29,95 

25,14 

26,41 

30,17 

25,38 

' 26,f>5 

■ 64 

65 

30,41 

25,53 

26^4 

30,64 

25,77 

27,m 

65 

66 

30,88 

25,93 

27,27 

31,11 

26,17 

' 27,53 

66 

67 

31,35 

26,32 

27,71 

31,59 

26,57 

27,97 

67 

68 

31,81 

26,71 

28,14 

32,06 

26,96 

28,41 

68 

69 

32,28 

27,10 

28,58 

32,53 

27,35 

28,85 

69 

70 

32,75 

27,50 

29,02 

33,00 

27,75 

1 29/9 

70 



622 


Table 1 


CjoHihO 


t. V. 

■ Acetatf 

1 

Alcohol 

Alcohol m 
the orig, oil 

71 

24,85 

19,,53 

20,62 

72 

- 25,20 

19,80 

20,93 

73 

25,55 

20,08 

21,24 

74 

25,90 

20,35 

21,55 

75 

26,25 

20,63 

21,85 

75 

26,60 

20,90 

22,16 

77 

26,95 

21,18 

22,47 

7« 

27,30 

21,45 

22,78 

79 

27,65 

21,73 

23,09 

ao 

28,00 

22,00 

2.3,40 

81 

28,35 

22,28 

23,72 

82 

28,70 

22,.55 

24,03 

83 

29,05 

22,83 

24,34 

84 

29,40 

23,10 

24,65 

80 

29,75 

23,38 

24,97 

86 

30,10 

2,3,65 

25,28 

87 

30,45 

23,93 

25,60 

88 

.30,ai 

24,20 

25,91 

89 

31,15 

24,48 

26,2.3 

90 

31,50 

24,75 

26,.54 

91 

31,85 

25,03 

26,86 

92 

X!,20 

25,.30 

27,18 ■ 

93 

32,55 

A58 

27,49 

94 

.32,90 

25,85 

27,81 

95 

33,25 

26,13 

28,13 , 

96 

33,60 

26,40 

28,45 

97 

33,95 

26,68 

28,77 

98 

34,30 

26,95 

29,09 

99 

34,65 

2793 / 

29,41 

100 . 

35,00 

27,50 

29,73 i 

101 

35,,35 

27,78 

30,05 , 

102 

35,70 

28,05 ; 

30,37 . 

103 

36,05 

28,33 

30,70 ' 

104 

36,40 

28,60 

31,02 

105 

36,75 

28,88 

31,34 

106 

37,10 

29,15 i 

31,67 

107 , 

37,45 

29,43 I 

31,99 

108 ; 

37,80 

29,70 ! 

32,32 ,] 

109 , 

38,15 

29,98 ; 

32,64 ; 

110 

38,50 

30,25 , 

32,97 


CioHjoO 


Acetate 

Alcohol 

Alcohol in 
the ong. Oil 

! E. V. 

25,10 

19,78 

20,89 

i 71 

25,46 

20,06 

21,20 

72 

25,81 

20,34 

21,51 

73 

26,16 

20,61 

21,83 

74 

26,52 

20,89 

22,14 

75 

26,87 

21,17 

22,45 

76 

27,22 

21,45 

22,77 

77 

27,58 

21,73 

23,08 

78 

27,9.3 

22,01 

23,39 

79 

28,29 

22,29 

23,71 

80 

28,64 

22,56 

24,02 

81 

28,99 

22,84 

24,.34 

82 

29,;i5 

23,12 

24,66 

83 

29,70 , 

23,40 

24,97 

84 

30,05 

2.3,68 

25,29 

85 

30,41 

23,96 

A61 

86 

30,76 

24,24 

25,93 

87 

31,11 

24,51 

26,25 

88 

31,47 

24,79 

26,57 

89 

.31,82 

25,07 

26,89 

90 

32,17 

25,35 

27,21 

91 

32,53 ' 

25,63 

27,53 

92 

32,88 ; 

25,91 

27,85 

93 

33,24 

26,19 

28,17 

94 

.33,59 

26,46 

28,49 

95 

33,94 

26,74 

28,82 

96 

34,30 

27,02 

29,14 

97 

34,65 

27,30 

29,47 

98 

35,00 

27,58 

29,79 , 

99 

35,36 

27,86 

30,11 ! 

100 

35,71 ' 

28,14 , 

30,44 . 

101 

36,06 

28,41 ' 

30,77 ' 

102 

36,42 ' 

28,69 ' 

31,09 

103 

36,77 , 

28,97 1 

31,42 ; 

104 

37,12 1 

29,25 ■ 

31,75 

105 

37,48 : 

29,53 

32,08 ' 

106 

37,83 ■ 

29,81 ; 

32,41 

107 

38,19 

30,09 . 

32,74 ; 

108 

38,54 

30,36 : 

33,07 : 

109 

38,89 i 

30,64 i 

33,40 

no 



Table 1 


623 


Cir.H„0 C.,,H,„0 


F.V. 

1 1 

Acetate : 

Alcohol 

Alcohol in 
the orift. oil 

1 

Acetate { 

Alcohol 

Alcohol in ' 
the orix. oil 

P.. V. 

71 

33^ 

27,89 

29,46 

33,47 

28,15 

29,73 

71 

72 

33,69 

28,28 

29,90 

33,04 

28,54 

30,17 

72 

73 

34,15 

28,67 

30,34 

34,41 

28,94 

.30,61 

73 

74 

34,62 ■ 

29,07 

30,78 

34,80 

20,34 

31,06 

74 

75 

35,09 

29,46 

31,22 

35,36 

20,73 

31,50 

75 

76 

35,56 

29,85 

31,66 

3583 

,30,13 

.31,05 

76 

77 

36,03 

30,25 

32,10 

3680 

.'10,53 

32,40 

77 

78 

36,49 

30,64 

32,54 

36,77 

,'10,02 

.12,84 

78 

70 

36,96 

31,03 

32,08 

37,24 

31,31 

.13,20 

70 

80 

37,43 

31,43 

33,43 

37,71 

31,71 

33,74 

80 

81 

37,00 

31,82 

33,87 

38,10 

32,11 

34,10 

81 

82 

38,37 

32,21 

:)4,32 

38,66 

:i2,,50 

34,64 

82 

83 

38,84 

32,60 

.14,77 

39,13 

.12,00 

35,00 

83 

84 

39,:i0 

33,00 

35,22 

39,60 

33,30 

3584 

84 

85 

39,77 

;i3,39 

35,66 

40,07 

33,60 

:i5,oo 

85 

8 b 

40,24 

33,78 

36,11 

40,54 

34,00 

,16,44 

86 

87 

40,70 

34,18 

.'16,56 

41,01 

,'14,40 

:i6,oo 

87 

88 

41,17 

34,57 

37,01 

41,40 

3488 

,17,35 

88 

80 

41,64 

34,06 

37,46 

41,06 

.3588 

37,80 

89 

00 

42,11 

35,36 

;i7,02 

42,43 

,15,68 

.'18,26 

90 

01 

42,57 

35,75 

38,37 

42,00 

36,08 

38,71 

91 

02 

43,04 

.■i6,14 

38,82 

tt,37 

.'16,47 

39,17 

92 

03 

43,51 

36,53 

39,27 

4'1,84 

.'16,87 

.'10,6.3 

03 

04 

43,08 

36,02 

.39,73 

44,31 

37,26 

40,00 

94 

05 

44,45 

37,32 

40,18 

44,79 

37,66 

40,55 

95 

06 

44,92 

37,71 

40,64 

45,26 

38,05 

41,01 

96 

07 

45,39 

38,10 

41,10 

45,73 

38,45 

41,47 

97 

08 

45,85 

38,50 

41,55 

46,20 

,38,85 

41,93 

98 

90 

46,32 

38,89 

42,01 , 

46,67 

39,24 

42,39 

09 

100 

46,79 

39,29 

42,47 

47,14 

'30,64 

42,86 

100 

101 

47,26 

39,68 

42,93 : 

47,61 

40,04 

43,32 

101 

102 

47,72 

40,07 

43,,39 

48,09 

40,43 

43,78 

102 

103 

48,19 

40,46 

43,85 

48,56 

4083 

4484 

103 

104 

’ 48,66 

40,85 

44,32 S 

49,03 

41,23 

44,71 

404 

105 

40,13 

41,25 

44,78 . 

49,50 

41,63 

4,5,18 

105 

106 

' 49,59 

41,64 

45,24 ; 

49,97 

42,02 

45,65 

106 

107 

50,06 

42,04 

45,70 

50,44 

42,42 

46,12 

107 

108 

50,53 

42,43 

46,16 : 

50,91 

42,81 

46,59 

108 

109 

51,00 

4282 

46,63 .| 

51,39 

43,21 

47,06 

109 

110 

51,46 

4381 

47,10 ’ 

51,86 

43,61 

4783 

110 




CioH„0 C,oH„0 


E. V. 

Acetate 

Atcohol 

Alcohol in 
! the ong. oil 

Acetate 

Alcohol 

Alcohol tn 
the ong oil 

E.V. 

til 

38,B5 

30,53 

33,30 ! 

39,25 

30,92 

33 , 73 ' 

lit 

II2 

39^ 

30,80 

;)3,62 

39,60 

31,20 

34,06 

112 

113 

39^ 

31,08 

33,95 

39,95 

31,48 

34,39 

113 

lU 

39,90 

31,35 

34,28 : 

40,31 

31,76 

34,73 

114 

115 

40,25 

31,63 

34,61 , 

40,66 

32,04 

35,06 

115 

116 

40,60 

31,90 

34,94 

41,01 

32,31 

35,39 

116 

117 

40,95 

32,18 

35,27 

41,37 

32,59 

35,73 

117 

118 

41,30 

32,45 

35,60 

41,72 

32,87 

36,06 

118 

119 

41,65 

32,73 

35,93 

42,07 

33,15 

36,40 

119 

120 

42,00 

33,00 

36,26 : 

1' 

42,43 

33,43 

36,73 

120 

121 

42,35 

33,28 

36,60 

42,78 

33,71 

37,07 

121 

122 

42,70 

33,55 

36,93 ' 

43,14 

33,99 

37,41 

122 

123 

43,05 

33,83 

37,26 

43,49 

34,26 

37,75 

123 

124 

43,40 

34,10 

37,60 il 

43,84 

34,54 

38,08 ' 

124 

125 

43,75 

34,38 

37,93 ' 

44,20 

34,82 

38,42 

125 

126 

44,10 

34,65 

38,27 ;■ 

44,55 

35,10 

38,76 

126 

127 

44,45 

34,93 

38,60 ■ 

44,90 

35,38 

39,10 , 

127 

128 

44,80 

35,20 

38,94 j 

45,26 

35,66 

39,44 

128 

129 

45,15 

35,48 

39,27 

45,61 

35,94 

39,78 

129 

130 

45,50 

35,75 

39,61 

45,96 

36,21 

40,13 

130 

131 

4,5,85 

36,03 

39,95 ' 

46,32 

36,49 

40,47 

131 

132 

46,20 

36,30 

40,29 !| 

46,67 

36,77 

40,81 

132 

133 

46,55 

36,58 

40,63 

47,02 : 

37,05 

41,16 

133 

134 

46,90 

36,85 

40,97 i| 

47,38 ' 

37,33 

41,50 

134 

135 

47,25 

37,13 

41,31 ' 

47,73 

37,61 

41,84 

135 

136 

47,60 

37,40 

41,65 ' 

48,09 

37,89 

42,19 

136 

137 

47,95 

37,68 

41,99 i 

48,44 

38,16 

42,53 

137 

138 

48,30 

37,95 

42,33 

48,79 

38,44 

42,88 

138 

139 

48,65 

38,23. 

42,67 ! 

49,15 , 

38,72 

43,23 

139 

140 

49,00 

38,50' 

43,02 i 

49,50 

39,00 

43,58 

140 

141 

49,35 

38,78 

«,36 '! 

49,85 

39,28 

A92 

141 

142 

49,70 

39,05 

43,71 '1 

50,21 

39,56 

44,27 

142 

143 1 

50,05 

39,:i3 

44,05 I 

50,56 

39,84 

44,62 

143 

144 

50,40 

39,60 

44,39 

50,91 

40,11 

44,97 

144 

145 

50,75 

39,88 

44,74 ■ 

51,27 

40,39 

45,32 

145 

146 

51,10 

40,15 

45,09 1 

51,62 j 

40,67 

45,67 

146 

147 

51,45 

40,43 

45,44 i 

51,97 ' 

40,95 

46,02 

147 

148 

51,80 ‘ 

40,70 

45,78 !' 

52,33 

41,23 ! 

46,38 

148 

149 

52,15 

40,98 

46,13 ; 

52,68 

4151 ! 

46,73 

149 

150 

52,50 

41,25 

46,48 !' 

53,04 ' 

41,79 ' 

47,08 

150 







Table I 


625 


C«H„0 !' ChHmO 


E.V. 

Acetate 

Alcohol 

Alcohol in 
the ong. oil 

Acetate 

Alcohol 

Alcohol in 
the orig. oil 

E. V. 

Ifl 

51,93 

43,60 

47,57 

52,33 

44,00 

48,00 

Ill 

112 

52,40 

44,00 

48,04 

52,80 

44,40 

48,47 

112 

113 

52,87 

44,39 

48,50 

53,27 

44,80 

48,94 

113 

114 

53,34 

44,78 

48,97 

53,74 

45,19 

49,42 

114 

115 

53,81 

45,17 

49,44 

54,21 

45,59 

49,89 

115 

116 

54,28 

45,57 

49,91 

54,69 

45,99 

50,36 

116 

117 

54,74 

45,96 

50,39 

55,16 

46,38 

50,84 

117 

118 

55,21 

46,35 

50,86 

55,63 

46,78 

51,32 

118 

119 

55,68 

46,74 

51,33 

56,10 

47,18 

5130 

119 

120 

56,14 

47,14 

51,81 

56,57 

47,57 

52,28 

120 

121 

56,61 

47,53 

52,28 

57,04 

47,97 

52,76 

121 

122 

57,08 

47,92 

52,76 

57,51 

48,36 

53,24 

122 

123 

57,55 

48,32 

53,23 

57,99 

48,76 

53,72 

123 

124 

58,01 

48,71 

53,71 

58,46 

49,16 

54,20 

124 

125 

58,48 

49,10 

54,18 

58,93 

49,55 

54.68 

125 

126 

58,95 

49,50 

54,66 

59,40 

49,95 

55,17 

126 

127 

59,42 

49,89 

55,14 

59,87 

50,35 

55,65 

127 

128 

59,89 

50,28 

55,62 

60,34 

50,74 

56,13 

128 

129 

60,36 

50,67 

56,11 

60,81 

51,14 

56,62 

129 

130 

60,82 

51,07 

56,59 

61,28 

51,54 

57,10 

130 

131 

61,29 

51,46 

57,07 

61,75 

51,93 

57,59 

131 

132 

61,76 

51,85 

57,55 

62,22 

52,33 

58,08 

132 

133 

62,23 

52,25 

58,03 

62,70 

52,73 

58,57 

133 

134 

62,70 

52,64 

58,52 

63,17 

53,12 

59,06 

134 

135 

63,16 

53,03 

59,00 

63,64 

5332 

59,55 

135 

136 

63,63 

53,42 

59,49 

64,11 

53,92 

60,04 

136 

137 

64,10 

53,82 

59,98 

64,59 

54,31 

60,53 

137 

138 

64,57 

54,21 

60,47 

65,06 

54,71 

61,02 

138 

139 

65,04 

54,60 

60,96 

65,53 

*,55,11 

6 I 3 I 

139 

140 

65,50 

55,00 

61,45 

66,00 

55,50 

62,01 

140 

_ 

141 

65,97 

55,39 

61,94 

66,47 

55,90 

6230 

141 

142 

66,44 

55,78 

62,43 

66,94 

5630 

63,00 

142 

143 

66,90 

56,18 

62,93 

67,41 

56,69 

6330 

143 

144 

67,37 

56,57 

63,42 

6739 

57,09 

64,00 

144 

145 

67,84 

56,96 

63,92 

68,36 

57,49 

6430 

145 

146 

68,31 

57,35 

64,41 

68,83 

57,88 

65,00 

146 

147 

68,78 

57,75 

64,91 

69,30 

58,28 

6530 

147 

148 

69,25 

58,14 

65,40 

69,77 

58,68 

66,00 

148 

149 

69,72 

58,53 

65,90 

7034 

59,07 

66,50 

149 

150 

70,18 

58,93 

66,40 

70,71 

59,46 

67,00 

ISO 

GiLDuieisTER, The voutiu oils. 
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Table I 



Cio 

H,»0 



C,.H 

»0 


E,V. 

Acdatc 

Alcohol 

Alcohol m i 
the ori(!. oil ! 

AcctJtc 

Alcohol 

’ Alcohol in 
the ong. oil 

E.V. 

151 

' 52,85 

41,53 

4e,83_ 

53,39 

42,06 

47,44 

151 

152 

53,20 

41,80 

47,18 

53,74 

42,34 

47,79 

152 

153 

53,55 

42,08 

47,53 

54,10 

42,62 

48.15 

RSI 

154 

53,90 

42,35 

47,88 , 

.54,45 

42,90 


154 

155 

54,25 

42,63 

48,23 

54,80 

AI8 

■ 48,86 

155 

156 

54,60 


48,.58 

55,16 

43,46 

49,21 

156 

157 

54,95 

43,18 

48,94 

55,51 

43,74 

49,57 

157 

158 

55,30 

43,45 

49,29 , 

55,86 

44,01 

49,93 

158 

159 

.55,65 

43,73 

49,65 

56,22 

44,29 

50,29 

159 

160 

56,00 

44,00 

,50,00 

56,57 

44,57 

50,65 


161 

56,;j5 

44,28 

50,36 

56,92 

44,85 


161 

162 

56,70 

44„55 

50,71 

.57,28 

45,13 

51,37 

162 

163 

57,05 

44,83 

51,07 

,57,63 

45,41 

51,73 

163 

164 

57,40 

45,10 

51,42 

,57,99 

45,69 

52,09 

I64‘ 

165 

57,75 


51,78 

58,34 

4.5,96 

52,46 

165 

166 

58,10 


52,14 

58,69 

46,24 

52,82 

166 

167 

58,45 

45,93 

52,50 

.59,05 

46,52 

53,18 

167 

168 

58,80 

46,20 

52,86 

.59,40 

46,80 

53,55 

168 

169 

59,15 

46,48 

51,22 

59,75 

47,08 

53,91 

169 

170 

59,.50 

46,75 

53,58 

60,11 

47,36 

54,28 

170 

171 

.59,85 

47,03 

53,94 

60,46 

47,64 

54,64 

171 

172 

60,20 

47,30 

54,31 

60,81 

47,91 

,55,01 

172 

173 

60,55 

47,.58 

.54,67 

61,17 

48,19 

.55,,'18 

173 

174 

60,90 

47,85 

.55,0.1 

61,52 

48,47 

5,5,75 

174 

175 

61,25 

48,13 

55,40 

61,87 

48,75 

56,12 

175 

176 

61,60 

48,40 

55,76 

62,23 

49,03 

,56,48 

176 

177 

61,95 

48,68 

56,13 

62,58 

49,31 

56,85 

177 

178 

62,30 

48,95 

56,49 

62,94 

49,59 

57,23 

178 

179 

62,65 

49,2? 

56,86 

63,29 , 

49,86 

57,60 

179 

180 

63,00 

49,50 

57,22 

63,64 ^ 

50,14 

57,97 . 

180 

181 

6,1,35 

49,78 

57,59 

64,00 

50,42 

58,;i4 , 

181 

182 

63,70 

50,05 

57,96 

64,35 

50,70 

58,71 ; 

182 

183 

64,05 

50,33 

58,33 


50,98 

59,09 i 

183 

184 



58,70 

65,06 

51,26 

59,46 

184 

185 

64,75 


59,07 

65,41 

51>» . 

59,84 ; 

185 

18e 


51,15 

»,44 

65,76 : 

51,81 

60,21 ! 

186 

187 

65,45 

51,43 

59,81 

66,12 

52,09 ' 

60,59 : 

187 

188 



60,19 

66,47 

52,37 

60,97 I 

188 

189 

66,15 

51,98 

60,56 

66,82 

52,65 

61,35 . 

189 

190 

6650 

52,25 

60,93 ■' 

67,18 

52,93 ‘ 

61,72 1 

190 
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Cm 

H«0 



CihHj 

oO 


E.V. 

■ 

Acetate 

' Alcohol 

Alcohol in 
the oriff. oil 

Acetate 

1 Alcohol 

Alcohol in 
the oriK. oil 

E.V. 

I5t 

70,65 

59,32 

66,90 

71,19 

59,86 

67,51 

151 

152 

71,12 

59,71 

67,40 

71,66 

60,26 

68,01 

152 

153 

71,58 

60,10 

67,90 

72,13 

, 60,65 

68,52 

153 

154 

72,05 

60,50 

68,40 

72,60 

' 61,95 

69,02 

154 

155 

72,52 

, 60,89 

68,90 

73,07 

61,45 

69,53 

155 

156 

72,99 

1 61,28 

69,41 

73,51 

' 61,84 

70,04 

156 

157 

73,46 

61,68 

69,91 

74,01 

623!4 

70,55 

157 

158 

73,92 

1 62,07 

70,42 

74,49 

' 62,64 

71,06 

158 

159 

74,39 

62,46 

70,92 

74,96 

63,03 

71,57 

159 

160 

74,86 

' 62,86 

71,43 

75,43 

63,43 

72,08 

160 

161 

75,33 

63,^ 

71,93 

75,90 

■ 63,83 

72,59 

161 

162 

75,80 

63,64 

72,44 

76,37 

64,22 

73,10 

162 

163 

76,26 

64,03 

72,95 

76,84 

64,62 

73,62 

163 

164 

76,73 

64,42 

73,46 

77,31 

65,02 

74,13 

164 

165 

77,20 

64,82 

73,97 

77,78 

65,41 

74,65 

165 

166 

77,67 

65,21 

74,49 

78,26 

65,81 

7,5,16 

166 

167 

78,14 

65,60 

75,00 

78,73 

66,21 

75,68 

167 

168 

78,60 

66,00 

75,52 

79,20 

66,60 

76,20 

168 

169 

79,07 

66,39 

76,03 

79,67 

67,00 

76,72 

169 

170 

79,,54 

. 66,79 

76,55 

80,14 

67,39 

77,24 

170 

171 

80,01 

67,18 

77,06 

80,61 

67,79 

77,76 

171 

172 

80,48 

' 67,57 

77,58 

81,08 

1 68,19 

78,28 

172 

173 

80,94 

67,96 

78,10 

81,56 

68,58 

78,81 

173 

174 

81,41 

68,35 

78,62 

82,03 

68,98 

79,33 

174 

175 

81,88 

68,75 

79,14 

82,50 

69,38 

79,85 

175 

176 

82,35 

69,14 

79,66 

82,97 

69,77 

80,38 

176 

177 

82,81 

69,54 

80,18 

83,44 

, 70,17 

80,91 

177 

178 

83,28 

69,93 

80,70 

83,91 

• 70,57 

81,4.1 

178 

179 

83,75 

70,32 

81,23 

84,38 

i*. 70,96 

81,96 

179 

180 

84,21 

70,71 

81,75 

84,f» 

; 71,36 

82,49 

180 

181 

84,68 

71,10 

82,28 

85,33 

71,76 

83,02 

181 

182 

85,15 

, 71,50 

82,80 

85,80 

72,15 

83,55 

182 

183 

85,62 

71,89 

83,33 

86,27 

72,55 

84,09 

183 

184 

86,09 

72,28 

83,86 

86,74 

72,95 

84,62 

•184 

185 

86,56 

72,68 

84,39 

87,21 

' 73,34 

85,15 

185 

186 

87,03 

73,07 

84,92 

87,68 

73,74 

85,69 

186 

187 

87,49 

73,46 

85,45 

88,16 

74,14 

86,22 

187 

188 

87,96 

73,86 

85,98 

88,63 

74A3 

86,76 

188 

189 

88,43 

74,25 

86,51 

89,10 

74,93 

87,30 

189 

190 

88,89 

74,64 

87,05 

89,57 

75,32 

f 

* 

87,84 

40* 

190 
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Table I 


P/ 




CwH„0 


E, V. 

Acetate 

Alcohol 

Alcohol in 
. the ori{. oil 

191 

! 66,85 

52,53 

61,31 

192 



; 61,68 

193 

67,55 

53,08 

62,06 

194 

67,90 

53,35 

62,43 

195 

68,25 

53,63 

62,81 

196 

68,60 

53,90 

63,19 

197 

68,95 

54,18 

, 63,57 

198 

69,30 

54,45 

’ 63,95 

199 

69,65 

5t,73 

, 64,33 

200 

70,00 

55,00 

64,71 

201 

70,35 

55,28 

65,09 

202 

70,70 

55,55 

65,47 

203 

71,05 

55,83 

65,85 

204 

71,40 

56,10 

66,23 

205 

71,75 

56,38 

66,62 

206 

72,10 

.56,65 

67,00 

207 

72,45 

56,93 

67,39 

208 

72,80 

57,20 

67,77 

209 

73,15 

57,48 

68,16 

210 

73,50 

57,75 

68,55 

211 

73,85 

58,03 

68,93 

212 

74,20 

58,30 

69,32 

213 

74,55 

58,58 

69,71 

214 

74,90 

58,85 

70,10 

215 

75,25 , 

59,13 

70,49 

216 

75,60 I 

59,40 

70,88 

217 

75,95 

59,68 

71,28 

218 

76,30 i 

59,95 

71,67 

219 

76,65 j 

60,23.* 

72,06 ■ 

220 

77,00 j 

60,50 

72,45 

221 

77,35 

60,78 

72,85 

222 

77,70 : 

61,05 

73,25 

223 


61,33 

73,64 

224 


61,60 

74,04 

225 

78,75 i 

61,88 

74,44 

226 

79,10 ■ 

62,15 

74,84 1 

227 

79,45 ; 

62,43 

75,23 

228 

79,80 

62,70 

75,63 ; 

229 i 

80,15 : 

62,98 

76,03 i 

230 

80,50 

63,25 

76,44 1 


CioHioO 


Acetate 

Alcohol 

1 Alcohol in 
' (he orig. oil 

E.V. 

67,53 

53,21 


191 

67,89 

53,49 

1 62,48 

192 

68,24 

53,76 

62,86 

193 

68,59 

54,04 

j 63,24 

194 

68,95 

54,32 

I 63,63 

195 

69,30 

54,60 

! 64,01 

196 

69,65 

54,88 

i 64,39 

197 

70,01 

55,16 

64,78 

198 

70,36 

55,44 

65,16 

199 

70,71 

55,71 

j 65,55 

200 

71,07 

55,99 

1 

65,93 

201 

71,42 

.56,27 

66,32 

202 

71,77 

56,55 

66,71 

203 

72,13 

56,83 

67,09 

204 • 

72,48 

57,11 

67,48 

205 

72,84 

57,39 

67,87 

206 

73,19 

57,66 

68,26 

207 

73,.54 

57,94 

68,65 

208 

73,90 

58,22 

69,04 

209 

74,25 

58,50 

69,44 

210 

74,60 

58,78 

69,83 , 

211 

74,96 

59,06 

70,22 : 

212 

7,5,31 

59,34 

70,62 . 

213 

75,66 

59,61 

71.01 

214 

76,02 

59,89 

71,41 ‘ 

215 

76,37 

60,17 

71,80 

216 

76,72 

60,45 

72,20 I 

217 

77,08 

60,73 

72,60 ' 

218 

77,43 

61,01 

73,00 

219 

77,79 , 

61,29 

73,40 i 

220 

78,14 

61,56 

73,80 

221 

78,49 

61,84 

74,20 

222 

78,85 

62,12 

74,60 ' 

223 

79,20 

62,40 

75,00 

224 

79,55 : 

62,68 

75,40 : 

225 

79,91 

62,96 

75,81 ! 

226 

80,26 

63,24 

76,21 . 

227 

80,61 

63,51 

76,62 1 

228 

80,97 

63,79 

77,02 i 

229 

81,32 1 

64,07 

77,43 1 

230 








Table I 629 , / 


ChHmO I CuH,.0 


E.V. 

AceUite 

Alcohol 

j Alcohol m 

1 the orig. oil 

AcctJtc 

Alcohol 

^ Alcohol m ! 
Iho one. oil i 

t.V. 

I9t 

89,36 

75,03 

87,58 . 

90,04 

75,72 

i 88,38 i 

191 

192 

89,83 

75,42 

: 88,12 

90,51 

76,12 

1 88,92 : 

192 

193 

90,30 

75,82 

88,65 : 

90,98 

76,51 

1 89,46 ! 

193 

194 

90,77 

76,21 

' 89,19 

91,46 

Bsl 


194 

195 

91,24 

76,60 

: 89,73 

91,93 

77,31 

' 90,54 1 

195 

190 




92,40 

77,70 

; 91,09 1 

196 

197 

92,17 

77,39 

HEI 

92,87 

78,10 

! ’1.64 1 

197 

198 

92,64 

77,78 

I 91,35 

93,34 

78,50 

1 92,18 i 

198 

199 

93,11 

78,17 

91,89 

93,81 

78,89 

92,73 ; 

199 

200 

93,57 

78,57 

i 92,44 

94,28 

7939 

93,28 

200 

201 

94,04 

78,96 

92,98 

94,76 

79,68 

: 9333 1 

201 

202 

94,51 

7935 

93,53 

95,23 

80,08 

' 94,38 

202 

203 

94,98 

79,75 

94,07 

95,70 

80,48 

, 94,93 

Vm 

204 

95,44 

80,14 

■ 94,62 

96,17 

80,87 

95,48 

204 

205 

95,91 

80,53 

95,17 

96,64 

81,26 

96,03 

wm 

206 

96,38 

80,92 

95,72 

97,11 

81,66 

96,59 

206 

207 

90,85 

81,32 

9637 

97,58 

82,06 

97,14 

207 

208 

97,32 

81,71 

; 96,82 

98,05 

82,45 

97,70 ; 

208 

209 

97,79 

82,10 

1 97,37 

98,52 

82,85 

: 98,25 1 

209 

210 

98,25 

82,50 

1 97,92 , 

99,00 

83,25 

! 98,81 1 

210 

1 


82,89 

98,48 

99,47 

83,64 

: 99,37 

211 

IB 


83,28 

99,03 

99,94 

84,04 

1 99,93 i 

212 

19 


83,67 

99,59 

100,41 

84,44 

100,49 , 

213 

214 

100,12 

84,07 

100,14 



' 

214 
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Table I 


C.oH,.0 C,„H„0 


E. V. 

Acetate 

1 Alcohol 

Alcohol in 1' . . . 

1 ' Acetate 

the orig. oil, 

Alcohol Alcohol in 
j the ong. oil 

E.V. 

231 

, 80,85 

■ 63,53 

1 70,84 

81,67 

64,35 

: 77,83 

231 

232 

■ 81,20 

63,80 

i 77,24 

82,03 

64,63 

78,24 

232 

233 

81,55 

64,08 

j 77,64 

82,38 

' 64,91 

78,65 

233 

234 

81,90 

64,35 

78,05 ; 

82,74 

65,19 

79,06 

234 

235 

82,25 

64,63 

78,45 

83,09 

65,46 

79,47 

235 

236 

82,60 

64,90 

78,86 

83,44 

65,74 

79,88 

' 236 

237 

82,95 

: 65,18 

79,27 

83,80 

' 66,02 

80,29 

237 

238 

83,30 

■ 65,45 

, 79,67 

84,15 

i 66,.30 

80,71 

238 

239 

83,65 

65,73 

80,08 ‘ 

84,50 

' 66,58 

81,12 

239 

240 

84,00 

66,00 

80,49 

- 84,86 

66,86 

81,53 

240 

241 

84,,35 

1 

j 66,28 

80,90 

85,21 

67,14 

81,95 

241 

242 

84,70 

i 66,55 

81,31 

, 85,.56 

67,41 

82,36 

' 242 

24,3 

85,05 

1 66,83 

81,72 

85,92 

67,69 

82,78 

243 

244 

' 85,40 

67,10 

82,13 ' 

86,27 

67,97 

83,20 

244 ' 

245 

85,75 

, 67,38 

' 82,,54 , 

86,62 

68,25 

83,61 

' 245 

246 

: 86,10 

67,65 

82,96 i 

86,98 

68,,53 

84,03 

■ 246 

247 

; 86,45 

67,93 

83,37 

87,.33 

68,81 

84,45 

: 247 

248 

. 86,80 

68,20 

i 83,78 ' 

87,69 

69,09 ■ 

84,87 

1 248 

249 

! 87,15 

68,48 

84,20 , 

88,04 

69,36 

85,29 

1 249 

250 

; 87,50 

68,75 

' 84,62 

88,39 

1 69,64 

85,71 

! 250 

251 

87,85 

69,03 

! 85,03 ? 

88,75 

j 69,92 

86,14 

251 

252 

88,20 

: 69,30 

1 85,45 

89,10 

1 70,20 

86,56 

252 

253 

88,55 

j 69,58 

, 85,87 

89,45 

1 70,48 

86,98 

253 

254 

88,90 

69,85 

i 86,29 ' 

89,81 

1 70,76 i 

87,41 

254 

255 , 

89,25 

70,13 

86,71 |i 

90,16 

I 71,04 i 

87,83 

255 

256 

89,60 

70,40 

87,13 

90,51 

' 71,31 ! 

88,26 ' 

256 

257 

89,95 

70,68 

87,55 ■: 

90,87 

71,59 ! 

88,69 1 

257 

258 

90,30 

70,95 

87,97 ' 

91,22 

; 71,87 1 

89,11 

258 

259 

90,65 

! 7l,23.'i 

88,40 

91,57 

72,15 ! 

8954 

259 

260 

1 

91,00 

71,50 

88,82 

91,93 

72,43 1 

89,97 1 

260 

261 ’ 

91,35 

71,78 

89,25 

92,28 

72,71 1 

90,40 ' 

261 

262 I 

91,70 

72,05 

89,67 

92,64 

72,99 ' 

90,83 

262 

263 ' 

92,05 

72,33 

90,10 ; 

92,99 

73,26 , 

9157 

263 

264 

92,40 

72,60 

90,52 

93,34 

73,54 i 

91,70 

264 

265 

92,75 

72,88 

90,95 

93,70 

73,82 

92,13 

265 

266 : 

93,10 

73,15 

91,38 

94,05 

74,10 

92,57 

266 

267 

93,45 

73,43 

91,81 

94,40 

74,38 

93,00 

267 

268 i 

93,80 

73,70 ■ 

92,24 , 

94,76 ; 

74,66 

93,44 

268 

269 ‘ 

94,15 

73,98 

92,67 

95,11 i 

74,94 

93,87 

269 

270 

94,50 

^ 74,25 

♦ 

93,10 

95,46 

75,21 , 

94,31 

270 


Table I 


63t 



Cm 

H„0 



Ciuh 

»o 


E. V. 

Acetate 

Alcohol 

Alcohol in 
the ong. Oil 

AccUte 

Alcohol 

n Alcool m 1 
: the orig. Oil ; 

t. V. 

271 

94,85 

' 74,53 

1 

93,54 ! 

95,82 

75,49 

94,75 ! 

271 

272 

95,20 

i 74,80 

93,97 

96,17 

75,77 

1 95,19 ! 

272 

273 

95,55 

75,08 

94,40 

96,52 

76,05 

' 95,63 ! 

273 

274 

95,90 

75,35 

94,84 ; 

96,88 

76,33 

i 96,07 j 

274 

275 

96,25 

75,63 

95,28 - 

97,23 

76,61 

i 96,51 ' 

275 

276 

96,60 

75,90 

95,71 

97,59 

76,89 

j 96,96 1 

276 

277 

96,95 

76,18 

96,15 

97,94 

77,16 

1 97,40 i 

277 

278 

97,30 

76,45 

%,59 

98,29 

77,44 

I 97,84 ; 

278 

279 

97,65 

76,73 

97,03 ; 

98,65 

77,72 

: : 

279 

280 

98,00 

77,00 

97,47 

99,00 

78,00 

1 98,73 1 

280 

281 

98,35 

77,28 

97,91 

99,35 

78,28 

99,18 ■ 

281 

282 

98,70 

77,55 

98,35 

99,71 

78,56 

99,63 ; 

282 

283 

99,05 

77,83 

98,80 

100,06 

78,84 

: 100,08 , 

283 

284 

99,40 

78,10 

99,24 ; 




- 

285 

99,75 

78,38 

99,68 : 




- 

286 

100,10 

78,65 

100,13 




- 


Tiglinate of geraniol; C,H,C00C,„H,;. 


11. V. 

E^tci 

1. V 

Pslcr 

r. V. 

hstci 

L. V. 

Later 

K. V. 

Ester 

1 

0,42 

21 

835 

' 41 

17,28 

61 

25,71 

! 81 

34,13 

2 

0,84 

: 22 

937 

42 

17,70 

62 

26,13 

' 82 

34,55 

3 

1,26 

: 23 

9,69 

43 

18,12 

63 ■ 

26,55 

I 83 

34,98 

4 

1,69 

24 

10,11 

44 

18,54 

, 04 

26,97 

' 84 

35,40 

5 : 

2,11 

' 25 

1034 

45 

18,96 

05 , 

27,39 

85 

35,82 

6 , 

2,53 

■ 26 

10,96 

46 

19,38 

' 66 ! 

27,81 

: ^ 

36,24 

7 

2,95 

' 27 

11,38 

; 

19,80 

67 i 

28,23 

! 87 

36,66 

8 1 

3,37 

■; 28 

11,80 

: ^ 

20,23 

68 i 

28,65 

88 

37,09 

9 1 

3,79 

' 29 

1232 

' 49 

20,65 

69 ’ 

29,08 

i' 89 

37,51 

10 1 

4,21 

:i 30 

12,64 

. 50 ’ 

21,07 

70* 

29,50 

; 90 

37,93 

" i 

4,63 

31 

13,06 

' 51 

21,49 

71 

29,92 

' 91 

38,35 

12 

5,05 

32 

13,49 

52 

21,91 

72 

30,34 

;■ 92 

38,77 

13 

5,47 

■ 33 

13,91 

53 

2233 

1 73 , 

30,76 

|l « 

39,19 

14 ; 

5,90 

; 34 

14,33 

54 

22,75 

74 , 

31,18 

i W 

39,62 

15 : 

6,32 

35 

14,75 

55 

23,18 

75 

31,61 

S 95 

40,04 

16 

6,74 

36 

15,17 

56 

23,60 

76 : 

32,03 

j, 96 

40,46 

17 

7,16 

i 37 ' 

15,59 

57 

24,02 

77 ; 

32,45 

. 97 

40,88 

18 ' 

7,58 

38: 

16,01 

58 

24,44 

■ 78 : 

32,87 

1: 98 

41,30 

19 ' 

8,01 

39 ' 

16,44 

59 

24,87 

. 79 1 

33,29 

1; 99 

41,72 

20 

8,43 

40 : 

16,86 

60 

25,29 

80 , 

33,71 

ilOO 

42,14 





1 

for Determining the Ester Value (Acid Value, Saponification Value 

cc. * Potassium Hyi 









II 

ircentage Content of Alcohol and Ester directly from the Number of 
1.50 g. of Oil are used. 



CijiHsiO 


II ■ 



E.V. 

cc. 



Alcohol 



Alcohol 

(A. V,; 


( 

Alcohol 

in the 

Acetate 

Alcohol 

in the 


0 KOH 



orig. Oil 

. 

' 

orig. Dll 

S. V.) 

2 

7 

0,73 

0,73 

i 0,88 

0,74 

0,74 

, 

0,1 

4 

1,46 

1,47 

i 1,76 

1,48 

1,48 


fl,S 

2 

2,20 

2,21 

jl 2,64 

2,22 

2,22 

, 

«,« 

Q 

2,93 

2,95 

3,52 

2,96 

2,97 


0,4 

6 

3,66 

3,69 

, 4,40 

3,70 

3,72 


0,» 

4 

4,40 

4^' 

; 5,28 

4,44 

4,48 


0,0 

1 

5,13 

5,19 

6,16 

5,18 

5,23 


0,7 

8 

5,86 

5,94 

7,04 

5,92 

5,98 


0,H 

6 

6,60 

6,69 

■' 7,92 

6,66 

6,74 

l 3 ' 

0,11 

3 

7,33 

7,44 

8,80 

7,40 

7,50 

’ 

1,» 

0 

8,06 

8,19 

9,68 

8,14 

8,26 


1,1 

8 

8,80 

8,95 

•: 10,56 

8,88 

9,03 


l,S 

5 

9,53 

9,71 

11,44 

9,62 

9,80 


1,S 

2 

t0,26 

10,47 

? 12,32 

10,36 

10,57 


1.9 

3 

11,00 

11,24 

13,20 

11,10 

11,34 


1,5 

7 

ll,73~ 

12,00 

■ i4,(s' 

11,84 

l2,11 


l,« 

4 

12,46 

12,77 

! 19,96 

12,58 

12,88 


1,7 

2 

13,20 

13,54 

' 15,84 

13,32 

1.3,66 


1,K 

9 

13,93 

14,32 

'! 16,72 

14,06 

14,4^ 

■; 

1,0 

6 

14,66 

15,09 

1 17,60 

14,80 

15,23 


*'* 

4 


15,87 


15,54 

■nn 


2,1 

I 

16,13 

16,65 

( 19,36 

l'6,28 


/•' !'< 

2,2 

3 

16^6 

17,43 

1 20,24 

muM 

17,58 

} 1 

2,8 

6 

mUiM 

18,21 

'! 21,12 

17,76 

18,37 


. 2,4 

3 

18,33 




19,17 

lo u, 

2,5 

3'" 


19,79 

1 22,88 

19,24 

"“iw” 


2,8 

3 

19,80 

HU 

; 23,76 

19,98 

mSm 

111 jn 

*,7 

5 


21,37 

24,64 


21,56 


2,8 

2 

21,26 

22,16 

I 25,52 

21,46 

22,36 

'I/ f 

2,e 

3 

22,00 

22,96 

! 26,40 


23,17 


8,0 
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C.r,H„0 

i' 


Cit.Hn,0 

i 

E.V. ! 

CC. 

Alcohol 1 

AI«ihol l' 
in the 1 
orig. oil 1 

Acetate 

1 Alcohol 

Alcohol 
in the 
orig. oil 

(A.V.., 

S. V.) 

^KOH 

22,73 ; 

23,76 ; 

27,28 

’ 22,94 

23,98 

.-.s 

S,1 

23,46 ' 

24,56 

28,16- 

23,68 

24,79 , 


8,8 

24,20 : 

25,37 i 

29,04 

24,42 

25,60 

r; .1,/ 

.8,8 

24,93 ; 

26,17 

29,92 

2.5,16 

26,41 

" i; 

8,4 

25,66 : 

26,98 

.30,80 

. 25,90 

27,23 1 

1 ' ‘ ■ i 

8,;> 

26,40 

27,79 

31,68 

' 26,64 

28,05 


8,A 

27,13 

28,61 

32,56 

27,38 

28,88 


8,7 

27,86 ■ 

29,« 

33,44 

28,12 

29,70 

1 , 

:t,s 

28,60 

30,25 

34,32 

28,86 

30,52 

, 

:(,!» 

29,33 

31,07 

35,20 

1 29,60 

31,35 


4,0 

30,06 

31,89 

.36,08 

:i0,34 

32,18 

' 

4,1 

30,80 

32,72 ' 

.36,96 

31,08 

33,02 

, ^ i' r 

♦.2 

31,53 

33,55 ! 

37,84 

31,82 

33,86 


4,» 

32,26 : 

34,38 

38,72 

32,56 

34,70 


i 

, 33,00 , 

35,22 

39,60 

, 33,30 

35„54 

1 ‘ ' 

i 

33,73 

36,05 

40,48 

34,04 

36,:« 


4,fi 

■ 34,46 

36,89 

41,36 

. 34,78 

37,23 



35,20 

37,73 ' 

■ 42,24 

35,52 

38,07 


4,H 

' 35,93 

38,58 

4.3,12 

, 36,26 

38,92 


! 4,1» 

. ; 36,66 

.■}9,42 

44,00 

, 37,00 

39,78 


i 



37,40 

40,27 

44,88 , 

37,74 . 

40,64 

' , ' 1 



38,13 

41,13 : 

45,76 

38,48 




1 

,38,86 

41,98 

46,64 

39,22 

42,.36 



1 

39,60 

42,84 

47,52 

;)9,96 

43,23 . 

I'f’ 

ri,4 

1 

40,33 

43,70 

48,40 


44,09 i 



) 

41,06~ 

44,56 

49,28 

41,44 

44,96 1 

1 

(' / ' 

5,« 

i 

41,80 

45,42 


42,18 

45,83 ] 

0,7 

) 

42,53 

46,29 . 

,51,04 

42,92 

46,71 


ft,S 

1 

43,26 

47,16 

51,92 

«,66 

47,59 ' 

« 


6,ft 

>! 

44,00 

48,04 

52,80 


48,47 

6,0 

H 

44,73 

48,91 

53,68 

45,14 

49,35 

■■■A. 

A,l 

1 

45,46 

49,79 

54,56 

45,88 

50,24 

1 ■ 1' 

0,3 

1 

46,20 

50,67 

55,44 

46,62 

51,13 

(•t‘ 

0,8 

) 

46,93 

51,55 

56,32 

47,36 

52,02 

i. 

.M 

5 

47,66 

52,44 

57,20 

48,10 

52,92 

n 


4 

1 

48,40 

53,32 

” OS,®” 

"18,84 

53,82 

L > J ‘' 

6,0' 

49,13 

54,21 

58,96 

49,58 

H72 

. iK 

0,7 

3 

49,86 

55,11 

59,84 

50,32 

55,62 

'.7< V< 

0,8 

6 

50,60 

56,01 

60,72 

51,06 

56,52 

. 

6,9 

3 

51,33 

56,91 

61,60 

51,80 

57,43 

■ {t>fh 

7,0 
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Table II 


cc. 

yKOH 

I E.V. 

1 (A.V.J 

j 

C,,H, 

wO 

! 

Alcohol 

S " 

II ■ 

Ciot^O 

S.V.) 

Tifiiate 

Acetate 

Alcohol 

in the 
orig. oil 

j Acetate 

j Alcohol j 


1 : 

55,85 

46,38 

36,44 

40,47 i 

: 46,86 

I 36,92 


56,M 

47,04 

36,96 

41,10 1 

i 47,52 

: 37,44 

T.a 


57,43 

47,69 

37,47 

41,73 1 

1 48,18 

' 37,96 i 

?,■* 

' . 

58,21 

48,34 

37,98 : 

42,37 I 

■ 48,84 

38,48 1 

7,6 


59.00 

49,00 : 

38,50 , 

A02 

49,50 

1 39,00 1 

7,6 


59,79 

49,65 ' 

39,01 ’ 

43,66 , 

50,16 

j 39,52 



60,57 

50,30 

39,52 ! 

44,30 

50,82 

I 40,04 

7,K 

' '■ 1 

61,36 

50,96 

40,04 i 

44,95 

51,48 

i 40,56 I 

7,» 

'■ 1 

62,15 

51,61 

40,55 ' 

45,60 ; 

52,14 

1 41,08 1 

K,« 

■ ‘ [ 

62,93 i 

52,26 ' 

41,06 i 

46,25 , 

52,80 

: 41,60 i 



63,72 

52,92 

41,58 

46,90 

53.46 

42,12 

H,*! 

64,51 

53,57 

42,09 

47,55 

54.12 

42,64 


65,29 

54,22 

42,60 

48,20 

54,78 

43,16 

8,4 

■ 66,08 

54,88 

43,12 

48,86 

55,44 

43,68 

S.5 ; 

66,87 

55,53 

43,63 

49,53 1 

56,10 

44,20 

8,« 

67,65 

56,18 

44,14 

5o79 

56,76 

44,72 

8,1 

' 68,44 

56,84 

44,66 

50,85 

57,42 

45,24 

S,H 

69,23 

57,49 

45,17 

51,51 

58,08 

45,76 

8,0 1 

. 70,01 

58,14 

45,68 

52,18 : 

58,74 

46,28 : 

9,0 j 

j 70,80 

58,80 , 

46,20 

52,86 

59,40 

46,80 


#.l 

■ ■■ 1 71,59 

59,45 

46,71 

53,54 

i' 60,06 

_u 

47,32 ! 

9,2 

, • ! 72,37 

60,10 

47,22 

54,21 

Ij 60,72 

47,84 : 

9,8 

i : 73,16 

60,76 

47,74 

54,89 

61,38 

48,36 

9,4 

' 73,95 

61,41 

48,25 

55,57 

62,04 

48,88 ' 

9,.> 

: . 1 74,73 

62,06 

48,76 

56,25 

62,70 

49,40 1 

»,« 

i • ' ' 75,52 

62,72 

49,28 

^3 

63,36 

49,92 


9,7 

■ ■ ' 76,31 

63,37 

49,79 

57,61 

64,02 

50,44 


9,H 

' • ; 77,09 

64,02 

50,30 

58,30 

' 64,68 

50,96 


9,9 

' 1 77,8? 

64,68 

50,82 

59,00 

1 65,34 

51,48 


10,(1 

78,67 

65,33 

51,33 

59,69 

i 66,00 

52,00 


10,1 

■ ■ 79,45 

65,98 

51,84 

60,38 

66,66 

52,K 


10,8 

1 80,24 

66,64 

52,36 

61,(8 

: 67,32 

53,04 


to,8 

■■ ■ . 1 81,03 

67,29 

52,87 

61,78 

! 67,98 

53,56 


19,4 . 

1 81,81 

67,94 

53,38 

62,48 

68,64 

54,08 


10,5 

"■ \ 82,60 

68,to 

53,90 

63,19 

69,30 

54,60 


10,0 

' '• 83,39 

69,25 

54,41" 

63,90 

"69,96 " 

55,12* 


10,7 

•' . ’ ^ 84,17 

69,90 ; 

54,92 . 

64,61 

70,62 

55,64 

, 

10,H 

84,96 ' 

70,56 

55,44 ’ 

65,32 

71,28 ; 

56,16 

1 

10,9 

^ 85,75 

71,21 1 

55,95 ' 

66,03 

71,94 i 

56,68 

1 

11,0 

86,53 1 

71,86 1 

56,46 

66,75 

72,60 ! 

57,20 

1 
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a-.H«0 

1 


CibHmO 


E.v.'‘'! 

C& 

2 KOH 


Alcohoi [ 
in the i 

Acetate 

Alcohol i 

Alcohol 
in the 

(A.v.i ; 


oriii. oil i 


f 

oriK. Oil 

S. V.) 


: 52,06 

57,81 

62,48 

52,54 

58,34 

_ . i 

7,1 

, 52,80 

58,71 

63,36 

' 5328 

59,25 


7.* 

i 53,53 

59,62 

64,24 

54,02 . 

60,17 



54,26 

M,53 

65,12 

, 54,76 ■ 

61,09 


7,4 

55,00 

61,45 

66,00 

55,50 1 

62,01 



55,73 

62,36 

66,88 

; 56,24 

62,93 


7,8 

, 56,46 

63,28 

67,76 

■ 56,98 

63,86 


7,7 

' 57,20 

64,21 1 

68,64 

57,72 

64,80 

' ■ 

7,H 

^ 57,93 

65,14 ! 

69,52 

. 58,46 

65,74 


7,* 

58,66 

66,07 ! 

70,40 

. 59,30 , 

66,67 

" ' 

H,0 
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Table il 


cc. 

1 E.V. 


C,.H 

hO 


■i 

C^HteO 


^KOH 

i (A.V.i 

1 S.V.) 

Tiglate 

Acetate 

Alcohoi 

Alcohol 
m the 
orig. oil 

Acetate 

' Alcohol 

Alceb# 

' mtHe 
ong.oi 

11,1 ' 

87,32 

72,,')2 

56,08 

67,46 

73,26 

' 57,72 

6824 

11,2 

88,11 

73,17 

57,40 

68,18 

73,92 

58,24 

692? 

11,!l , 

88,80 

73,82 

58,00 

68,00 

74,58 

: 58,76 

6020 

11,1 

80,08 

74,48 

58,52 

60,63 

: 75,24 

: 5028 

7024 


• ' 00,47 

75,13 

50,03 

70,36 

■■ 75,00 

50,80 

7128 

11,(1 

01,2.') 

75,78 

59,5+ 

71,00 

76,56 

6022 

72,02 

11,1 

02,04 

70,44 

60,06 

71,82 

77,22 

60,84 

72,76 

Il.h 

. 02,83 

77,00 

60,57 

72,56 

77,88 

61,36 

7321 

11,« 

0:),(il 

77,74 

61,08 

73,30 

78,54 

. 61,88 

7425 

12,0 

, 04,40 

78,40 

61,60 

74,04 

70,20 

62,40 

75,00 

12,1 

, 05,10 

70,0) 

62,11 

74,70 

70,86 

, 62,02 

75,75 

1*22 

05,07 

70,70 

62,62 

75,53 

80,52 

, 63,44 

7e,5i 

12,2 

00,70 

80,30 

63,14 

76,27 

81,18 

, 63,06 

77,26 

12,1 

07,55 

81,01 

6,3,65 

77,02 

: 81,84 

64,48 

78,02 

12,ri 

, 08,33 

81,00 

64,16 

77,77 

82,50 

65,00 

78,70 

12,(1 

' 'W.I2 

82.32 

64.68 

78,53 

83,16 

6522 

7025 

12,7 

W,Ql 

82,07 

6.5,19 

70,20 

83,82 

66,04 

8022 

12,S 

■ 

83,02 

6.5,70 

80,05 

84,48 

6626 

81,00 

12,» 


84,28 

66,22 

80,81 

85,14 

67,08 

81,86 

i;t,« 


84.'>3 

66,73 

81,57 

85,80 

67,60 

82,64 

13,1 


85,58 

67,24 

82,34 

86,46 

68,12 

83,42 

18,2 

', 1 

80,24 

67,76 

83,12 

87,12 

68,64 

8420 

13,3 


88,89 

68317 

8.3,80 

87,78 

60,16 

84,08 

13,1 

> . 

87„54 

68,78 

84,67 

88,44 

60,68 

85,77 

13,4 

" 

88,20 

60,.30 

85,45 

80,10 

70,20 

86,56 

13,0 


88,85 

60,81 

86,23 

80,76 

70,72 

87,35 

13,7 


80,50 

70,32 

87,01 

00,42 

71,24 

88,14 

13,S 


00,10 

70,84 

87,80 

, 01,08 

71,76 

88,04 

13,0 


00,81 

71,35 

88,60 

01,74 

7228 

80,74 

11,0 


01,40 

71,86 

80,30 

02,40 

72,80 

00,54 

11,1 


02,12 

72,38 

00,18 

03,06 

r3,32 

01,35 

11,2 


02,77 

72,80 

00,08 

03,72 

73,84 

02,16 

11,3 


03,42 

73,40 

01,78 

04,38 

74,36 

92,071 

11,1. 


04,08 

73,02 

02,58 

95,04 

74,88 

03,» 

11,4 


04,73 

74,43 

03,30 

05,70 

75,40 

04,60^ 

14,0 

, 

05,38 

74,04 

04,20 

06,36 

75,92 

05,42 

11,7 

; 1 ! ■ 

06,04 

75,46 

05,01 

97,02 

76,44 

06,25 

11,K 


06,60 i 

75,97 

95,83 

07,68 

76,06 

07,06 

11,0 


07,34 

76,48 

06,65 

08,34 

77,48 

97,00 

15,0 

S ,.'.J - . 

08,00 


07,47 

00,00 

78,00 

«i,73 
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Table II 


CC. 1 

2 KOH j 

E.V, 

(A.V.i 

S.V.) 

1 Tiglfltc ; Acetate ' Alcohol 

Alcohol 

Ir the 1 
orif(. oil ! 


■M ! 
16,2 ; ' 
16,11 


98,65 ! 77,51 i 983 l' 99,66 | 78,52 

99,30 i 78,02 -99,12 ji 100,32 , 79,W 

99,96 • 78,54 i 99,95 f - - 




C»H»0 

I Mcohol 


Table II 641 


Alcohol 
in the 
oriK. oil 


Acetate 


Alcohol 


Ateohol 
in tile 
ong. oil 


E.V. 

(A.V.J 

S.V.) 


cc. 


"-KOH 


16,2 

16,6 


CiLDEumn, Tnc vourai oils. 




INDEX. 


A 

Abir hkhir 64 
Abn Dschafar Achmed 25 
Absorption 258 
Abulcasis 25, 204, 205 
Abul Fazt b8 

Acacm Intsia 505 ; 

phtricapitaUi 505 ’ 

- sarmentosa 505 ! 

• - tenerrima 505 i 

Aceras anthropophora 52! 

Acetaldehyde 405 \ 

■ Formation from citral by boiling with | 

potassium carbonate solution 410 | 
Aceteugenol 482 i 

Acethomovaniliic acid 48^1 ; 

Acetic acid 498 | 

Acetic ether 507 

Acet/soeugenol as adulterant for vanillin 
429 

Acetone 433 I 

by oxydation of citral 412 
citronellal 419 
citronellol 367 
— • geraniol 360 

--linalool 355 

meAylheptenone 437 
Acetopropyl alcohol 436 
Acetvanillic acid 483 
Acetvaniilin 483 
AcetyUcetone 436 

— condensation with citral 414 
Acetylation 575 

4-Acety!-l,2-xylene from fenchone 460 
AcMys triphylla 52! 


Acid C>,HnOi from carj'ophyltene 333 

— value 57! 

Acidc myroniquc 134 
Acids 497 

— removed from volatile oils 275 
Adulterants, detection 611 
Adulteration of vanillin 429 
AdmKTcpis /avanica 505 
Atfiantiim ptdatum 521 

— peruvianum 521 
trapeziforme 521 

yEgineta, Paultis 107 
ytsculo, Saladiniis of 33, 93, 115, 120, 
121, 139, li'J, 146, 183, 185. 197 
Ai'tius of Amida 22, 107, 124 
Ageratum conyzoides 521 
mexicamim 521 

Agrumen fmit oils, history 147 
Agyneia multiflora 505 
AbaUa 157, foot note 
Ahahth 157; foot note 
Aiti-i-Akhan 64 
Ainslie 160 * 

Ajowanoil, history of 172 
Ahbar 64 

Alant camphor 523 
Alantoiactone 523 
Alaric 114 
Albertus Magnus 30 
Alcohol detection of 349, 612 
■ from patchouli oil 369 
— water fennel oil 369 

— C«HuO from geraniol 359 

— CiuHmO from geraniol 359 

— CioHtoO from menthoxime 366 

. 41* 




Alcohol CinHisCHsOH from clovene 
34! 

CioHwO from the oil QiErythroxyhn 
monogynum 404 

acid CjoH|«Oit from diosphenol 494 
Alcohols 347 
■ alicyclic 374 
aliphatic 347 
aromatic 369 

- cyclic 369 
detection of 347 

-- hydroaromatic 374 
Aldehyde CioHmO from gingergras oil 
432 

- from lemongras oil 432 
Aldehydes 404 

- alicyclic 432 

— aliphatic 404 
aromatic 420 
assay 581 

- cyclic 420 

— hydroaromatic 432 

— isolation from volatile oils 275 

— occurrence in aqueous distillates 405 
Alderotti, Taddeo 35 

Alembic, history of 203 
Alembics voyageants 224 
Alernhicus 204 
Alexander the Great 147 
Alhervi 179 
Alicyclic alcohols 374 

— aldehydes 432 

— ketones 439 
Aliphatic alcohols 347 

-- aldehydes 404 . 

ketones 433 * 

— sesquiterpene alcohols 399 

— terpenes 280 
Alkindi 108 

Alt&manda Hendersoni 505 
Allhria officinalis 546 
Alloocimene 280 
P-Allylanisol 475 
Aliyicyanide 335 

4-AIly!-3,b-dimethoxy-1,2-melhy!enedi- 
hydroxybenzene 490 
Altytguaiacol 480 


4-Allyl - 6- methoxy -1,2- methylenedihy- 
droxybenzene 489 
Allylmustard oil 546 
p-A!lylphenol 475 
Allylpyrocatechin 480 
m*Allylpyrocatechlnmethylene ether 486 
Allyltetramethoxybenzene 492 
Aliyithiourea 548 

4*Allyl-l,2,6-trimethoxybenzene 488 
Allylveratrol 483 
Alocasia Veitchii 532 
Al-oed 157, foot note 
Alsodeia cymulosa 505 
Alstonia angustifolia 505 

— fioedti 505 

— macrophylla 505 

— villosa 505 

Aluminiumchloride for the separation of 
fenchone from camphor 464 
Alyxia stellata 521 
Amando van Doomyk 127 
Amantilla 194 
Amblard 230 

Amelancbier alnifolia 532 

— canadensis 532 

— vnlgaris 532 
Amenomiya 337, 338 
Amido compounds 540 
yvAmidothymoi from carvoxime 442 
Ammonia, development of, during die 

distillation of volatile oils 531 
Ammoniac, history of oil of gum 178 
Amomis 111 
Amomum 111 
Amygdalin 421, 534 
Amyiene bromide 436 
Amylnitrite for the preparation of nitroso 
chlorides 296 
Amylsalicyiate 509 
Amyrol 401 

Anastatka hierochuntica 137, foot note 
Androl 

Andropogon oil, history of 16, 101 
Andropogon Seboenanthus 38 

-as adulterant for oil of rose, 

history 142 
Anethol 426, 476 




INDEX. 
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Anethol action of light and air 478 
oxidation to anisic aldehyde 426 
Anethoidibromide 477 
Anetholgiycol 477 
Angelic acid 500 
Angelica root oil, history 176 
Angelus Sala 130, IW 
AngrsKum fragrans 521 
Aniline as reagent for furfurol 431 
Anisic aldehyde 426 
acid 426, 501 

— assay 584 

from anethol 426 
' ketone 438 

— occurrence 426 

— preparation 426 
Anis oil, history. 172 

Anmm PhUippinantm insitlanm 121 
Annotationes 51 
Anschutz 276 

Anthocephahia Cadumha 506 
Anthoxanthum odoratum 521 
Anthranllic acid methylestcr 542 
artificial preparation 543 
-- picrate 543 
Antidesma diandrum 505 
Antidotariiim 24, 150 
Antifebrine as adulterant for vanillin 420 
Apiol 400 
Apiollc acid 401 

— aldehyde 401 
Aplotaxis candicans 532 
Apothecary’s Mali 227 
Aqua ardens 32 

Naphx 152 
' sahins 100 
vitai 30 

Aquihgia chrysantha 532 

— vulgaris 532 

Arabians, art of distillation 21 
Araq 64 

Archatnbault de Grailly 97 
Ardkia fuUgioosa 505 

— bumiUs 505 

— lurida 505 

— macmpbyUa 505 

— purpurea 505 


Ardisia reclinata 505 
sangiiinolenta 505 

- speciosa 505 
Arezula 74. 183, 187, 188 
Argentum vivum vegetahih 31 
Arnold de Bachuone 30 
Arnoldus Villanovus 30, 3.3 
Aromatic alcohols 360 

~ Aldehydes 420 
hydrocarbons 281 

- ketones 438 
Arrian 155 
Arth 453 

Artificial camphor 205 
musk 537 
spoonwort oil 540 

- wintergreen oil 504 
Arum maculatum 532 
Asafetida oil, history 176 
Asarone 487 

Aschan 00. 280, 306 
Askinson 80 
Asperu/a odurata 521 
Athanor 216 
Athena;os 155 
Athyrium 532 
Atractylene 337, 402 

- blue color 404 
from atractyloi ^ 

Atractylol 337, 402 
Atr-hfebangiri 64 
Atterberg 316 
Aub6pine 426 
Austracamphene 82 
Australenc 82 
Auwers 310^457 
Avenzoar 24. 138 
Avicenna 1(^, 120 
Axonge bemoin^e 260 

- populin6e 262 
toluin6e 262 

Ayur-Vedas\t,yi, 103,107,109, ll'l,201 

B 

Baccaurea 505 
Bachmyntia 191 
de Bachuone 30 
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Baer 156 

V. Baeyer 87, m, 288, 296. 311, 381, 
444, 446, 548 
Bailey 523 
Baitar 177 
Baker ^ 

Bairn oil, history 188 
Balneum arena: 206 
Marta: 206 

Ba/samea meuanenus 61, foot note 
Balsanmdendfwi Opohalsamuni 61, 
foot note 

Barhier 83. 169, 279, 280, 294,359, 363, 
365, 397, 418, 419, 444 
Barbosa 104. 110, 112, 120, 149 
Barenthin 569 
Harringtonia ruhta 5(ft 

— apicata 505 
Bartcit 290, 

de Barthema 162 
Hassia 532 
Batteuses 251 
Bauhinia pyrr/tanvuia 505 
Baum 487 
Baur 538 

Bayberry oil, history 131 
Bear as symbol for a still 204 
Becher 66 

Beckmann 394, 444, 451 
Bcckmannscher Apparat 563 
Beef fat for pomades 260 
Beg‘ar-mu-di 151 
Begninus 100, 188 
Behai 517 

bchen oil for extraction 262 
Beilstein 176 «' 

Beilstein's copper test 609 
Beindorff 227 
Kenatius 152 
Bencdikt 581, 598, 599 
Bennett 588 
Benzat chloride 421 
Benzaldehyde 420 

artificial, preparation 421 

- assay 584 

- determination of small amounts 
587 


Benzaldehyde from benzyl alcohol 371) 

- - cinnamic alcohol 373 

- ~ aldehyde 424 

- Identification 421 

- occurrence 420 
Benzene as solvent 249 

tnonosulphonic acid 294 
Benzin, low fractions as solvent 247 
Benzoic acid 501 

I - as adulterant of vanillin 429 

- benzyl ester 513 
ethyl ester 507 
methyl ester 503 

tor increasing the ester content 
615 

' - from benzyl alcohol 370 
carlina oxyde 530 
cinnamic alcohol 373 
' aldehyde 424 
phenyl acetaldehyde 423 
' Benzoylchioride, action on geraniol 365 
Benzyl alcohol 369 
! preparation 370 
properties 370 
; - benzoate 513 
i -- chloride 421 
; cinnamate 514 
i cyanide 535 
> ~ mustard oil 535, 550 
. Benzylidcne compounds of camphor 457 
. Berchile 201 
i Bergamiol 510 
’ Bergamot camphor 151 
I oil, history 151 
. Bernheimer 472 
Bertaf^ini 128, 144 
Berthelot 80, 82, 135 
Bertram 118, 307, 355, 361, 364, 398, 
408, 511, 516 
I Berzelius 77 
Besanez 435 
j Besson 45, 150 
I Betel oil. history 118 
: Betelphenoi 480 
' Betulol 401 
Beyer 443 
Bigelow 181 
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Bignonii Orntberhynii 505 
exoleta 505 
Billeter 135 
Bindheim 76 
Biot 82 

Birch, history of oil of sweet 118 
Bisabolene ^8 
Bishydro, see Dihydro 
Bisnitrosomenthone 45.1 
Bisnitrosopulegone 447 
Bisulphite'method 582 
Bitter almond oil, history 142 
Bjalobrzeski 493 
Blaclmdiia 532 
Blanc .147, 371, .172 
Blanchet 78, 80, 171, 17.1, 175 
Hlasengerucli 556 
Bley 171 

Blue color of essential oils 404 
Bock 197 
BOckmann 165 
Bdlsing 592, 593 

Boerhave 67, 128, 1.1.1, 165, 194, 223 
Bottger 65 
Bohm 144 

Boiling point, see boiling temperature 

- temperature of volatile oils 

and composition of volatile oils 274 
Bolle 170 

Bonastre 124, 137, 152, 157, 165 
Bond 76 
Bonifacius 114 

Book of the science of life 16 
Boorsma 157, foot note 
Bornemann 89 
Borneol 392 

— conversion into camphene 394 

— - camphor 394 
detection .195 

— in the presence of camphor 457 
■ determination 395 

distincHon from rsoborneol 396 

- from camphor 456 

— occurrence 392 

— preparation 393 

- properties 394 

-- separation from camphor 395 


Bomyl acetate 517 
detection 519 

- ,\mine from camphoroxime 456 

- conversion into camphene 305 

- formate 517 

- (sovalerate 519 
phenylurethane 305, 395 

Borrichius 75 
Bosisto 167 

Bouchardat 84, 303, 306, 342, 375, 376 
Bouillon Lagrange 106 
Boulez 578, 

Boullay 152 

Boutron-Charlard 79, 134, 144 
Bouveault 347, 358, .164, 365, 366, 368, 
371, 372, 415, 418, 419 
Boyle 173 
Braconnot 154, 179 
Brandes 147, 154 
Bravo 98 

Bread dough, fermenting, as source of 
heat 209 
Bredt 523 
Brcmontier 97 
Hridalia mata ,532 
tomentma 505 
Bma minor 532 

Bromalderivative of wnborneol 305 

Bromelia 495 

»-Bromstyrene 423 

Briihl 389 

Bruning 165 

Brunfels 57 

Brunschwig, Hieronymus 39, 173, 174, 
183, 185, 194, 197, 199, 207 
Bruun 161 
Bruylants 519 
Buchholz 129, 179, 199 
Buchner 175, 176, 247 
Buchu leaf oil, history 147 

- camphor 493 
Huinesia Sarmknti 402 
Burgess 584, 585 
Busse 430 

Bussy 134 

Butyl mustard oil, sec. 549 
n-Butyl alcohol 349 
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n-Butyric acid 498 amphor oil, history 124 

Butyric aldehyde 405 Camphoric acid 456 

- Camphoronic acid 456 

^ Camphoroxime 457 

Cade oil, history 99 Camphorpinakone 456 


Cadinene 329 

— dibromhydrate 331 

— dichlorhydrate 331 
■ nitrosate 331 

— nitrosochloride 331 

— preparation .330 
Cssalpinia Bondiicelk 505 
Cahours 80, 146, 173, 175, 181 
Cajeput oil, history 165 
Catadium 541 

Calamus oil, history 18, 103 
Cahneyer 179 
Calpandria lanceolala 505 
aivi t65 
Camerarius 197 
Camphene 1101, 

— conversion into reobomeol 305 

— from borneol 394 
-bomylaminc 305 

— identification 304 

— modifications 302 

— occurrence 302 

— oxydation 304 
preparation 302 

— properties 302 
/-Camphene 82 

Camphene camphoric acid 304 
-- isomeric 305 
Camphene chlorhydrate 304 
Camphene glycol 304 
Camphene hydrate 396 
Camphenilone 304 
Camphenylic acid 304 
Camphol-series 83 
Campholic acid from borneol 
Camphor 74, 77, 3W, 454 

— as designation lor solid deposits 

from volatile oils 399 

— from borneol 394 

— detection in the presence of borneol 

457 

— separation from borneol 456 


. Camphoyiic acid 304 
Cananga oil, adulteration with cocoa 
nut oil 614 
Canarium 505 
I — Cumittgii 283 
Canella oil, history 161 
; Cannabis indica 281 
Cannizaro 370 

Cantliium palembanicum 505 
Caoutchouc, dry distillation 312 
I Caparrapenc 337 
Capitainc 77, 80 
Capitniare 100, 182 
! Caprinlc acid 499 

I -from decylic aldehyde 407 ' 

i-methyinonyl ketone 434 

Capronic acid 350, 499 
-from ethyl-ff-amyl ketone 434 

— aldehyde 406 

! Caprylic acid 499, 

1-from melhylheptyl ketone 434 

I Capsella Bnrsa Bastoris 546 
Capiira alata 5(S 
i Carallia symmetrica 505 
Caraway oil, history 171 
I Carbon disulphide 546 

j-as solvent 247, 249 

Carboxylapocamphoric acid 304 
Cardamine amara 549 
Cardamom oil, history 111 
' Card-amomum III 
Cardamomum minus 112 
; Carlinaoxyde 530 
Carpobalsam 51 

! Carpobaisamum 61, fool note 
; Carstanien 479 
\ Carthamus tinctorius 106 
Cartheuser 71, 99, 104, 111, 113, 122, 
129, 146, 183, 187, 188, 190 
Carvacrol 473 
■ — determination 594 

— from camphor 457 




Carvacrol from arvone 442 

-diosphenol 494 

— j'-terpinene etythritol 320 
«. and iS-Carvacromenthol from thymol 
by reduction 474 

Carvactylamlne from carvoxime 442 

— from thujonoxime 403 
Carvacrylphenylurethane 474 
Carvenone 320, 

Carvestrene 315 
Carvoline 441 

Carvone 439 

— conversion into carvacrol 442 

— derivatives from terpineol 379 

— determination 585, 589 

— reduction to dihydrocarveol 442 
Carvotanacetone 325 

— from thujone 403 

- K-phellandrene 325 
Carvoxime 441 

~ conversion into dihydrocarveol 442 

— from limonene nitrosochloride 310 
Caryophyllene 331 

— constants 332 

— identification 334 
Caryophyllene alcohol 333 

— hydrate 333 

— nitrosate 333 
- nitrosite 333 

— nitrosochloride 333 
Cascarilla oil, history 158 
Cassia oil, history 125 

Cassie, yield upon extraction 251 
Castanopsis javanica 504 

— Tangumit 504 
de Castro 149 
Cavendish, Thomas 121 
Ctcropia ScMedeana 504 
Cedar camphor 401 

— oil, detection 611 
-history 202 

-lebanon-, history 101 

Cedrene 340 

— detection in volatile oils 612 
Cedrol 401 

Cadtylphenylurethane 401 
Celluloid ware 455 


Celsus 142 

Cb/r/s nticulosa 541 

Ctntaana montana 532 

— solstilialis 532 

' CeratoiKtalam apetalum 521 
Ceylon cinnamon oil, bistory 125 
I Chaffee 96 
Qiaillelia cymma 532 
! Chamaamehs coriacea 533 
I Chamomile oil, history 197 
Chapman 335 
I Chapoteaut 337 
Charabol 89 
Charaka 16 

Chardiaia xeranthemoides 533 
I Charlemagne 100, 133, 168, 172, 17! 

' 182, 191 

Charon 550 
I Chissis 258 
, Chavicol 475 

Chemical methods of examination 568 
Cherry-laurel oil, history 145 
Chevalier 119 

’ ChUocarpax densiflurm 505 

— denudaUa 505 
Chilperich 114 

Chinese, art of distiilation 15 
Chionanthm elliptica 505 
■ latdolia iOi 
; - montana 505 
I — ramifhta 505 
I Chiris 145, 249 

Chloral, combinations with menthol 389 
Chloride of calcium compound with 
phenylethyl alcohol 371 

— — geraniol 357 
il-Chlorcyc/ogeranioladlene carbonic 

acid 470 

, 3-Chlorcymene 453 
• - from menthol 388 
Chlorine, Beilstein’s test 609 

— combustion method 609 

— lime test 609 
Chloroform as solvent 247 

— detection 615 
ChoroSs II. 124 
Chtysophyllum imperiah 521 
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Chuit 468, 470 
Chuwah 64 

Ciamician 176, 334, 479, 490 
Cker arietinum 532 
Cineol 526 

- conversion into dipentene 528 
detection 529 

determination, hydrogen bromide 
method 

distillation method 600 
phosphoric acid method 601 
resorcinol method 601 
from n.terpineol 378 
1,4-Cineol 525 
Cineolene 529 
Cineolic acid 529 

Cineolic acid anhydride, conversion into 
methylheptenone 529 
Gnna arundinacea 521 
Cinnamic acid 501 
“ - ben/yl ester 514 
cinnamyl ester 515 
ethyl ester 508 

- from cinnamyl alcohol 373 
methyl ester 503 

aldehyde 425 

determination 582, 585, 586 
from cinnamyl alcohol 373 
preparation 424 
occurrence 424 

- semioxamarone 586 
Cinnamyl alcohol 373 

cinnamate 515 
diphenyliirethane 374 

— phenylurethane 374 
Onocephalus ovalus 504 «' 

— stiaveohns 504 
Circulation 33, 209 
Circulaforia, history 209 
On parfum6v 249 
Grsium anensc 532 
Citral ‘408 

behavior toward sodium bisulphite 
410 

condensation with acetone 412 

- — acetyl acetone 414 
~ constitution 411 


Citral detection 412 

- determination 582, 585 

in lemon oil 587 
' from geraniol 358, 409 
linalool 355, 409 
nerol 409 

- isolation 408 

- occurrence 408 
-- oxidation 411, 

preparation 409 
properties 409 * 

reduction 410 

separationfromcitronellaland methyl 
heptenone 414 

- synthesis 409 

Citral-a tind -b, distinction between 413 
separation 414 

Citraldihydrosulphonic acid derivative 
410 

Citralmonohydrosulphonic acid deriva¬ 
tive 411 

Citraloxyde 526 

Citral-a-$cniicarbazone, preparation 413 
Citronellal 414 

-- behavior toward sodium bisulphite 
417 

determination 417 

- from citronellol .'167 
isolation 415 
occurrence 415 

- oxyde 526 
semicarbazone 419 
separation from citral 417 

Citronella oil, adulteration with cocoa* 
nut oil 614 

Citronellic acid 419, 500 

from citronellal by oxydation 419 
Citronellidene acetone 420 
cyanacetic acid 420 
Citronellol 363 

- action of benzoyl chloride 365 

- characterization 368 

- constants 366 

' conversion into /sopulegol 368 
' determination 368, 580 
ester, preparation 368 
“ from citronellal 416 
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Citronellol isomeric relstlons 368 

- occurrenc 363 
• oxydation 367 

preparation 365 

- separation from geraniol 365, 368 
Citronellyl acetat 512 

pyrouvic acid ester 368 
n-Citronellyli^cinchonlnic acid 420 
Citronellyl formate 511 
Citronellyl naphthocinchoninic acid 
368 : 419 

Citrus medics 532 

CitryKdene cyanacetic acid, preparation 
413 

Citryl-if-naphthocinchonlnic acid 356, 
412 

Claisen 513 
Clemens VII. 140 

Climate and composition of volatile 
oils 272 

Clove oil, history 161 
stem oil, history 163 
Cloven 333, 341 
Clover 315 
Clusius 121, 161 

Ouytia ohiongifniia 505 . 

Cochlearia Armoracia 546 
Cocoa niU oil, detection in volatile oils 
614 

Calum phiiosophimim 31, 32 
Coffea densiflora 506 
iepidiphioia 506 
iiberica 506 
stemphyl/a 506 
Cohn 90 

Coiocasia giganlea .532 
Color reactions 570 
Columella 133, 146, 172, 189 
Combretum constrktum 532 
Combustion method for the detection 
of chlorine 609 
Commodorus 179 
Compendium aromalariorum 139 
Compound CuHwOi from safrol 486 
CmH„ 0. from caryophyllene 333 
Comstock 96 
Concrete oils 251 


Congealing poim 563 
of rose oil 565 

Coniferin for the production of vanillin 
429 

Constantin VII. 138 
Constantinus Africanus 120, 194 
Conti 110 

Cnpailera Salikuimda 521 
Cordia asperrima 425, 505 
Cordiis, Valerius 44, 50, 74, 93,94,112, 
113, 115, 117, 123, 128, 154, 156, 
164, 173, 179, 185, 190, 218 
Coriander oil, history 168 
Corps dpu/sd 262, 266 
Cortex China! de China nm a 158 
iH)V!c SCO Schacorillse 158 
Corynocarpin 534 
Corynocarpus ixvigata 531 
Costaeus 205 

Costus root oil, history 199 _ 

Coloneasler atlinis 333 Of 

haciUaris 533 

— huxifolta 533 K 

Francheli !Si ''' 

— trigida 533 
horizontaiis 533 

-- integerrima 533 .' 

microphylla 533 
multifinra 533 
panosa 533 
thymse/olia 533 

o-Coumaric acid from coumarin 427 
0 - aldehyde methyl ether 427 
p- 427 

Coumarin 520 

- as adulterant for vanillin 429 
Cratargus orientalis 533 
“ oxyacantha 426, 533 
Crepis tmtida 425 
Cripps 569 

Crotonic acid nitrile 535 
Crotonyl mustard oil 550 
Cryptotepis taxiftora 505 
Cubeb camphor 402 

— oil, history 116 
Cucurbits 201, 

— history 203, 204 
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Cuminic aldehyde 422 
Cumin oil, history 169 
Cuminyiamine 326 
CupanU 532 
Cupil furnaces 217 
Qipressus sempcrvinns, oil 283 
Cyanally! 547 

Cyanhydride, see hydrocyanic acid 
Cyclcne 304 
Cyclic alcohols 369 

— aldehydes 420 

— hydrocarbons 2^1 
~ ketones 438 

— sesquiterpene alcohols 400 
A*-CycIoc\tri\ for the preparation of 

irone 420 

/i^-Cyc7oceranic acid 470 
O'c/c^eranlol from geraniol 359 
C^lostemon tmcmphyllus 505 
Cymbopogon oils, history lOt 
Cymene, formation from citral 410 

--citronellal 416 

limonene ^ 
terpinenol‘4 383 
ff^Cymene is2 
from fenchone 460 
p-Cymene ^2 

— from camphor 456 
- terpinenol‘1 382 

— sulphonamide 284 

— sutphonic acid 284 
Qi'nocephnlus ovattis 505 
Cypress camphor 401 

oil, history 98 
Cyrtosperma lasioides 5.32 
fierkusii 532 , 

D 

Ihcryodes Iwxandn 316 
Daiso-fitn'-ShthHo 193 
Dale 161 
Daiifresne 427 
Davies 569 
Decyl aldehyde 407 
Ddfletirage %l 
D^iearer 258 
Dehne 107, 129, 130, 170 


. Deiman 76 
De Laet 130 
Della decima 108 
Demachy 186, 187 
Demarson 145 
Denis 587 

Deroy Fils Ainc 253 
DestiHatio panis 209 

- per desccnsum 216 

— ventrum equinum 209 
, - soiis 209 

Detection of cedarwood oil 611 
-chloroform 615 

— cocoanut oil 614 
ethyl alcohol 612 
fatty oil 613 

- - gtirjunhalsam oil 611 

mineral oils 614 
petroleum 614 

— some of the more common aduU 
terants 611 

turpentine oil 611 
Determination of alcohols 575 
~ aldehydes and ketones 58! 
anisic aldehyde 584 

— anthranilic acid methyl ester 544 
benzaidehyde 584, 587 
carvacroi 594 

carvone 585, 589 
cineol 

cinnamic aldehyde 582, 385 
, — -• according to Hanu§ 586 

I - - citral 585 

- in oil of lemon 587 
citronellal 589 

' ~ citronellol 580 

esters 570 
eugenol 591, 596 
hydrocyanic acid 603 

— according to Vielhaber 604 
ionone 468 

— menthone 590 

methyl anthranilic acid methyl 
ester 545 

— - mefliyl number 598 

mustard oil 605 

— phenyl acetaldehyde 584 



Determination of putegone 585, 589 
-thymol 594 

— — vanillin 588 
-viscosity 568 

Development of plant and composition 
of volatile oils 271 
Distillate, aldehydes in aqueous 405 
Distillation, downward, history 216 

— fractional 565 

— interrupted 565 

— kind of and die composition of 

volatile oils 271 

-- method for the determination of 
cineol 600 

— methods of, history 201 

nature of distillation during antiquity 
37 

— treatise on 39 

Distilling apparatus, history 20t 
DeuBen 332, 333, 612 
Dhurrin 534 
Diacetyl 348, 435 
p>Diazophenetol sulphate 478 
Dibromomenthone 453, 471 
Dibromomyristicindibromide 489 
«-Dicarvelone 442 
Dieterich, E. 60S 
Dietcrich, K. 607, 608 
Dieterich's method for the assay of 
mustard oil 607, 608 
Diethylsuccinate for increasing the ester 
content 615 

Dihydrocarveol 385, 442 

— identification 3% 

Dihydrocarvone 442, 449 

— from dihydrocarveol 386, 449 
Dihydrocarvylamlne 325 

— from carvon 442 
Dihydrocuminic alcohol 326, 374 
-- constants 374 
Dihydrocuminic aldehyde 326 

— from dihydrocuminic alcohol 374 
Dlhydrofencholenic acid amide 460 
Dihydromyreene 280 
Dihydromyreene tetrabromide 280 
Dihydroocimene 280 
Dihydro-m-xylene 437 


van Dljk 226 
Dillapiol 491 
Dillisoapiol 492 
I Dill oil, history 180 
! Dimethoxybenzolc acid from methyl 
\ eiigenol 484 

\ Di-p-methoxystilbene 478 
I Dimethylacetonylacetone 320 
! i)-('«-)Dimelhyllevulinlc acid from thu- 
I jaketonic acid 463 

i Dimethylmalonic acid 459 
; 2,6-Dimethyloctane from geraniol 359 
I - from linalool 356 , 

2,6-Dimethyloctanol-8 from geraniol 359 
i - from linalool 356 
Dimcthyl-2,6-octene-2-ol-8 368 
Dimethylsuccinic acid 333 
, Dimethylsulphide 346 
, Dimethyltricarballylic acid 460 
I Dimorphoteca pluvialis 532 
Dingier 226, 229 

' Dinitroaceto-tert.-butyltoluene 539 
Dinitroaceto-tcrt.-butylsylene 539 
Dinitrobutyryl-tert.-butylxylene 539 
Dinitro-tert.-butyliodoxylene 538 

■ Dinitro-tert.-butylxylyl aldehyde 539 
- cyanide 539 

■ Dinitrovaleryi-terL-butyIxylene 539 
Diodor 101 

i Diolalcohol CioHiaO, from diosphenol 
i 494 

: Dioscorides IV, foot note, 37, 92, 98, 
; 100, 101, 111, 113, 122, 133, 135, 

. 138, 142, 146, 155, 169, 172, 177, 

I79j 184, 189, 193, 196, 199, 200, 

I 202,*203 

I Diosphenol 493 
Diosphenol phenylurethane 494 
Diospyros acuminata 505 
aurea 505 
cauUUora 505 
- Gardneri 505 

«,«'-Dihy(lroxy-'<-mcthyl-«'-/5opropyt«li« 
pinic acid 320, 321, 3S2, 383 
I Dipentene 309, Sll 
I - " constants 313 
I - detection 314 
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Dipentene dichlorhydrate 313 
from cineol 528 

- ■ seraniot 359 

- M-terpineol 378 

- nitrosochloride 314 
occurence 312 

- preparation 312 
bipteryx odorata 521 

oppositifoUa 521 
ptempm 521 
bispensatoria 57 

bkpi^nsatormm lionaiin 58, oO, 66, 
104, 109, 115, 116, 124, 128, 132, 

146, 150, 151, 154, 156, 150, 161, 

164, 168, 170, 172, 173, 176, 178, 

179, 185, 187, 188, 189, 190. 193, 

198. 199 
Diterebene 82 
Dodge 363 

Doebner .'156, 412, 413 
Dolkhos UMah 532 
Dough, fermenting, as a source of heat 
209 

Downer 560 

Downward distillation, history of 215 
Dowzard 568 
Dronke 522 
Dschair 21 

Dumas 78, 79,94,100.128,134, It>5,173 

Dunbar 567 

Dupont 89 

Durvelle 90 

Duyk 570 

E 

Hau de Cohtpne 67, 189 
des Cannes 189 
Ebn Attafir 25. 138 
Echinocarpus Sigiw 533 
EdriGi 108, 112, 116, 148, 169, 177 
EgypU^s, distillation practiced by 17 
Ehmann 5)9 
EU 111 

Efxocarpus resinosus 505 
Eiaoptene 77 

Elateriospermm tapes 532 
■ tokbrai 505 


Elecampane oil, history of 196 
Elemicin 488 
Elemi oil, history 156 
E! Haz! ^ 

Elze :^l 

Empyreumatic odor 556 
Emulsin 534 

Enfleurage, application 246 
' varying yield 246 
Enfleurage a chand 264 , 

- a /raid 258 
Enfleuri'i 258 

Enklaar 280, 281, 356, 359 
Epirixantlies cyfindrica 505 
elongata 505 

Erdmann, E. 332, 361, 364, 431 
Erdmann, H. 357 
Erica arhorea 426 
Eriohotrya faponica 533 
Erlenmeyer 165 

Erythritene CiuHu lOffl, from /‘terpinol 
320 

Lrythnnyhn hn/hUntim 505 
Coca 505 
Essences 262 

concretes 248, 251, 262 
Ester content, additions to increase 615 

- detection 602, 615 
determination 570 

- value 571 
Estragoi 475 

Ether as extractive 248, 249 
Ethyl acetate 507 

- alcohol 348 

- - as adulterant 3W, 612 
Ethyl-/i-amyi ketone 434 
Ethyl benzoate 507 

cinnamate 5(S 
' nitrite, preparation of 296 

- salicylate 508 

tartrate for increasing the ester con¬ 
tent 615 
Ettling 165 

Eucal^tof 527, see also cineol 
Eucalyptus oil 403 

- history 167 
Eugenoi 481 
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Eugenol determiiution 591, 596 

— — of free 591 

of total 591, 596 
Eugenolmcthylether 483 
Euonymus Philiatms 44 
Eupatorium afrkanum 521 
Ayapana 521 
Evernia prunastri 246 
Examination of volatile oils, physical 
methods 556 

• for chlorine 609 
txocharda Afberti 533 
Extraction with volatile solvents 245,247 

— with non volatile solvents 258 

— - — and heat 264 

Extraction apparatus (Gamier) illustra¬ 
tion 256 

Extraction industrial application of 
method 249 

Extraits aux fleurs 251, 262 
Eykman 118, 475, 486 

F 

Parina 67 

Famesai from farneso! 399 
Famesol 

Pats, capacity to absorb flora! perfumes 
258 

— mixtures for pomades 260 

Fatty oils, detection in volatile oils 613 

Fauier Heinz 216 

Faiire 134 

Favfot 247 

le Febvre 133 

Peldmann 388 

Eendieiholz 130 

Fenchene preparation 306 

— occurrence 306 

— properties 307 
Fenchoienic acid 459 
Fenchone 458 

— from fenchyl alcohol 398 
Fendionoxime 459 
Fenchyl alcohol 397 

-constants 398 

•-occurrence 397 

“ — preparation 398 


Fennel oil, history 174 
Fesfuca Poa 532 
Ficus anmilata 504 

— Benjamina 504 

— eiastica 504 

— geniculata 504 
pilosa 504 

— pUma var. chrysocannia 504 

— rettisa var. mWa 504 

— xy/opliylla 504 
Fiddichow 178 
Rrbas 607 
Flacco 173 
Floral extracts 251 
Florentine flask, history 229 

Flores stwchados arabics 184, footnote 
Fioridus 175 

Flower perfumes, production 243 
Fluckiger 192, 

F<£nicuhtm sinense 121 
Fontcnelle 134 
Formaldehyde 405 
Formic acid 497 

- action on citronetlol 368, 580 
Formylation 580 
de Fourcroy 68 
Fractional distillation 565 
Frankfurter Listc 38 
Frankincense oil, history 154 
Franklin 160 
Fremy 134 
FriedlSnder 495 
v. Friedrich.s 341 
Frisweli 536 
Fuchs 44, 57 
Furfurol 34», 431 
Furnas Acedia.' 216 

G 

Gadamer 1.35, 337, 338, 535, 607 
Galangal oil, history 107 
Galbanum oil, history 177 
Galenus 19, 98, 122 
Galium trifforam 521 
Gandurin 338 

Garcia da Orta 102, lOS, 112,127,136, 
176, 200 



Garden nasturtium SOS 
Gardem Fitzalm' 505 

— Sdmmannii 
Gardner 304 

Garnier's extraction apparatus, illustra¬ 
tion 256 
Garuga SOS 
Gattermann 496 
Oaubius 74, 116, 128, ISO, 192 
GauHhcm Iragrantmima 505 

— kucocarpa 505 
Gaultherin 506 
Gay-Lussac 144 
Geber 21, 204, 205 
Gebrochene Oeslillalion 80 
Gehlen 94 

Genvresse 341 

GeoBroy 71, 74, 75, 94, 107, 111, 150, 
183, 188, 194, 199 

Geranic acid as starting point lor the 
preparation of citronellol 366 

— from citral 411 

Geranic acid nitrile, saponirication to 
methylheptenone 436 
Geraniol 356 

— action of benzoyl chloride 565 

— addition of sodium bisulphite 360 

— characterization 361 

— constants 355 

— conversion into terpineol 377 

— -citronellol 362 

— from citral 410 

-- inversion to linalool 359 

— isolation 357 

— occurrence 357 

— oxidation 358 

— reduction 359 

— separation from an oil 361 
-citronellol 365 

— synthesis 358 

Geraniol calcium chloride compound 357 

— mono- and dioxyde 526 

— tetrabromide 360 
Geranium oil, history 145 
Geranyl acetate SI I 

carbaminic acid ester 361 
-- ester, preparation 360 


Geranyl formate 510 
Geranyl-o-naphthylurethane 361 
I Geran^phenylurethane 361 
Geranylphthalic acid ester 361 
I Gerhatdt 80, 81, 146, 523, footnote 
I V. Gerichten 490 
j Gerlich 135 
! Gertinger 175 

j Gesner, Conrad 44, 50,93,98, 106,121, 
I 123, 136, 146, 150, 154, 156, 139, 

: 160, 164, 173, 178, 179, 183, 185, 

, 196, 197, 218, 220 

r Gesner, |. A. Ill 
j Giengiario arnhtto 110 
j Giese 175 
' Giesecke 146 

; Gildemeister 118, 293, 328, 361, 364, 
I 474, 511, 591 

j Ginger oil, history 109 
I Ginsberg 490 
j Girmnkra subxqiialis 504 
I Gladstone 83, 105 
I Glaser 134 
I Glauber 65, 222 
Gluconapin 550 

Glucosidc yielding benzyl mustard oil 
! 550 

’ - butyl mustard oil 549 

, - - crotonyl mustard oil 550 
' - - eugenol 482 

-hydroxy benzyl mustard oil 550 

-mustard oil 547 

Glucosides yielding hydrogen cyanide 
534 

.-methyl salicylate 506 

Glucotropzolin 550 
Glyceria aqaatka 532 
Glyceryl monoacetate for increasing the 
ester content 615 
Glycol from /t-phellandrene 326 

— from salrol 486 

— CwHbO, from diosphenol 494 

— Cutf„Oi from caryophyllene 333 
, Gmelin 129 

‘ Gmtam Gnemon ,< oyalifoliam 504 
Codlewski 309, 311 
Goebel 175 
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Goose as symbol for a retort 204 
GSppert 507 
V. Gorup-Besanez 14b 
G6ttllng 129, 175 
Gourmand 366 

Grabaddin med/camenloram composi- 
tonim 24 
Graberg 194 
Grabowski 165 
Grilert 47^ 

Graitomaslice 159 
Greeks, art of distillation 18 
Gregor 599 
Gren 68 

Griffithia acuminata 506 
■ cacaniha 506 
Grignard 294, 397 
Grignard's reaction 288 
Grimaux 130, 514 
Grimm 146, 435 
Grosser 169 

Groasularia nigrum 532 

— rubrum 532 
Crussner 598 
Gua|ene .338 

— blue color 404 

Guajol (Sesquiterpene alcohol) 402 

Guajylmethylether 403 

Guerbet 336, 395 

Guibourt 82 (footnote), 134 

Guignard 547 

GuHandina 505 

Guillaumin 472 

Gurjun balsam oil, history 159 

— detection 611 
Gymnema latilolium 533 
Oymnogramme aurea 532 
Gyuerium argenteum 532 
Gynocardia odorata 532 
(jynocardin 534 

H 

Haarmann 333 
Hagen 179 
Ham 192 
Hakuku 192 
Haller 394, 395, 457 

OtCDEHeiSTra, Thl voutiu oils. 


Hallwachs 146 
Hancock 96 
Hdncu 452 
Hanud 586, 587 
Harbordt 146 
Harib 139 
Harpestreng 117 
Harpullia imbricata 505 
Harries 90, 323, 365,368,416, 419,448, 
450 

Harrison 137 
Hartwich 546 
Hasse 45, 168 
Haussner 339 
Heerabolene 341 
Heienin 523, 524 
Heliotropin 429, 486 

— tests for adulterants 430 
Heliotropin cause ol the odor 430 
Helle 307, :i9g 

Hellwig 167 

van Helmont 65 

Henrich 444, 446 

Henriques 496 

Henry 106, 161 

Heptane 277 

Heptyl alcohol 350 

Herberger 188 

Herford 189 

Herissey 587 

Herniaria glabra 521 

Herodotus 100, 135, 155, 202 

Herzfeld 615 

Herzig 598 

Hesperidcs iNorimhergensis 151 
Hesse 246, 247, 262, 364,513,540,541, 
544, 592, 594 
Heusler 89 

Hevea brasiliensis 433, 532 

— spruceana 433, 532 
Heveene 341 

Hexaceniris coainea 505 
Hexahydrocymene from menthol 388 
act Hexyl alcohol 349 
ff-Hexyl alcohol 349 
Hexylene alcohol 351 
Heyer 151, 175 
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Hierochlos alpina 521 

— australis 521 

— borealis 521 
Hieronymus Rubeus 140 

Hildeeard 100, 109, 117, 170, 171, 175, 
185, 191, 194, 199 
Himmelmann 419, 565, 568 
Hindoos, art of distillation 15 
Hirschsohn 529 
Hirzel 89. 248 
Hiasiwetz 165 
Hoering 478, 487 

Hoffmann, Fricdr. 68 , 69 , 74, 75, 100, 
104,150, i54,164,189,194,199,225 
Hofmann, A. W. 155, 555, 550 
Holciis lanatiis 552 
Homaliiim javaniaun 505 
lomentosiiiii 425, ,505. 552 
Hombcrg 65, 74, 75 
Homoanisic acid 476 
Homocamphoric acid 455 
Homopiperonyiic acid 486 
Honorius 114 
Hops oil, history 119 
Horse manure as source of heat 209 
Horreie piperatariae 115 
Hoiiton-Labiilardibre 77, 94 
Hubl's iodine addition method 569 
Huthig 552 
Hugues 97 
Huile sther6e 94 

— antique 262 

— Iraufaise 262 

— parfamfe 262 
Humulene 555 

derivatives 556 ' 

Hungarian water 50, 66 
Hunteria eorymhosa 505 
Huth 561, 564 

Hyduocarpus alpina 505, 552 

— aptheiminthka 552 

— iuebrians 552 

— venenata 505 

— Wigbtiana 505 
Hydroaromatic alcohols 574 

— aldehydes 452 

— ketones 459 


Hydrocarbon CuHi. from citronello 
567 

Hydroarbons, alicyclic 285 

- aliphatic 277 

- aromatic 281 
detection 276 

Hydrochloric acid added during distilla¬ 
tion 222 

Hydrocinnamic acid from phenylpropyl 
alcohol 575 
Hydrocyanic acid 551 

- detection 554 

- escaping during distillation 551 
gravimetric determination 605 

accoiding to Vielhaber 604 

- occurrence in the vegetable king¬ 

dom 551 

Hydrogen bromide method tor the deter¬ 
mination of cineol 600 
Hydrogen peroxide as oxidizing agent 
.555 

Hydrogen sulphide escaping during 
distillation 551 

Hydroquinone for the preparation of 
hydroquinone ethyl ether 479 
Hydroquinone ethyl ether 478 
Hydrochlorcarvoxirae 297 
Hydrocoumarine 525 
I — from coumarine 525 
o-Hydroxyacelophenone 458 
o-Hydro.\ybenzaldehyde 425 
/sHydroxybenzaldehyde for the pre¬ 
paration of anisic aldehyde 426 
p-Hydroxybenzyl mustard oil 550 
Hydroxycamphocarboxylic acid 455 
Hydroxydihydrocarvone 442 
o-Hydroxydihydrocinnamic alcohol from 
coumarine by reduction 522 
2-Hydroxy4,6-dimethylchalcone from 
phloracetophenone dimethylether 
495 

n-Hydroxy-/r-«iopropyladipinic acid from 
fV-phellandrene 524 
p-Hydroxyrstrpronylbenzoic acid 284 
“-Hydroxy-,#./sopropylglutaric acid from 
u-phellandrene 524 
Hydroxymenthylic acid 455 
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Hydroxymethylene camphor 457 
Hydroxymenthone for the preparation 
of diosphenole 493 
Hydroxymyristinic acid 500 
Hydroxypentadecylic acid 500 
/^Hydroxyphenetol 478 
Hydroxyterpinylic acid 442 
fiygrophorus Hgatlmmus 532 
" cerasinus 532 
Hyssop oil, history 189 

I 

Ibn Chaldun 24, 138 
Ibn Kurdadbah 108 
Ulisch 188 

Imido compounds 540 
Imru4-Kais 124 

Index of refraction (see Refraction) 
Indian hemp 281 
Indigofera gafegoides 5')3 
indol 540 
infusion 264 
Inouye 193 
hula Mchnium 523 
Inulin 523, footnote 
Iodine absorption 569 
*- addition method, Huebl's 569 
Iodoform from acetone (test) 433 
lodol, reagent for cineo) 529 
lodophosphonium, reagent for octyl 
aldehyde 406 
lonone 46^ 

— Determffiltion 468 
Fh'eparation 465 

a* and /^'lonone 467 

«• and ^Monone semicarbazone 468 

IpomcBa disjecta 533 

— obscura 532 

— sinuata 533 

— vitifolia H3 
Irene from irone 470 

' Irene 469 
isoalantoiactone ^4 
Isoamyl alcohol 349 
/soanethol 475 
/soapiol 491 


Morneo! 304, 396 

— bromal 305 

— distinction from • meol 396 

— from camphor 456 
/sobornyl phenyiurcthane 305, 396 
/s'obutyl alcohol 349 

mustard oil 549 
/sobutyric acid 326, 498 
/.s'ocampholic acid from borneol 395 
/socamphoronic acid 460 
/socarvoxime 441 
/soelemicine 488 
/sMUgcnol 484 
, oxydation to vanillin 485 
/.vofcnchene 307 
As-dcnchyl alcoliol 307 

— phenyiurcthane 307 
/soheptoic acid 499 
/sohydroxycuminic acid from carvacrol 

474 

/somenthone 452 
/xomyristicine 490 
Isonandia Mottkyana 532 
Isoprene 279 
/sopropylacetic acid 499 
'<./sopropyI*/*acetyl-n‘butyric acid 499 
/sopropyl-m-cresol 471 
/sopropyl'O-cresol 473 
/sr^ropyl* 1 -cyclohexene’2-onc4 326 
J '-/sopropylcyclohexcnonef rom, /-phel- 
tandrene 324, 326 
'(•/sopropylglutaric acid 324, 326 
from /^-phellandrene 326 
jysoprnpylhexcnone change to ter* 
pinenoM 382 

n-/aopropyl«''*methyladipinic acid 494 
/sopropylsuccinic acid from x-pheilan- 
drene 324 
Asopulegol 386 

- formation 386 

• ~ from citronella( 416 
— citronellol 368 
» identification 386 
/sopulegone 447 
/sopulegonoxime 448 
/sosafrol 486 

— from safrol 487 
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./tosafrol oxydatlon to heliotropin 4S1 
It- and Mosalrol 487 
/aosantalenes 337 ' 

/aothiocyanallyl 346 
/aothiocyanpropenyl 349 
/sovaleric acid 406, 499 

— aldehyde 405 

' - thiosemicarbazone 406 
Istachri 177 
itinerant stills 224 
Ittner 144 
Ives 119 

J 

janus Dainasccnus 24 
japan camphor 454 
Jaru-Jara 4 % 

Jasmin extraction 258 
-, yield of oil when extracted 251 
. yield of oil when macerated with 
fat and paraffin oil 2tt> 

Jatropha anausiidvns 453, 532 
Java hnion ofie 415 
jeancard 90, 2^5 
jehanger b4 
Joannes Actuaritts 138 
Johnson 323 
Johnston 150 
Jonas 494 

Jonquil extraction 258, 200 
Judanis 179, 194 
Jiincus 102 
odoraliis .38 

Juniper berry oil, history 99 

- tar oil, history 99 

wood oil, history 99 - 

Junger 388, 453 

K 

See also under C 
Kachler 303 
Kimpier 123, 141, 177 
fla/oe game 402 
Kallen 323 
Kalm 95, 106, 131 
Kane 183 

Karmeliler-Geisl 67 


Keir 141 
Kekul6 83 
Kelbe 283 
Kemp 118 
Me. Kenzie 493 
Kerria japonha 533 
Ketolactone CiuHnOi from o-terpineol 
379 

Ketomenthylic acid 433 

- from mentbol 388 

Ketone C«HiiO from caraphenc 304 
Ketones, alicyclic 439 

- aliphatic 433 
aromatic 438 
detection 276 
determination 581 
hydroaromatic 439 

- removal tom volatile oils 275 
Ketone musk 539 

Ketonic acid CidHhO, from caryo- 
phyllene 333 
Mggekiria atricana 532 
Kindt 75, 79, 94 
Klagcs ;)88, 4M, 474 
Klaproth 125 
Kleber 279, 280, 311, 590 
Klimont 90, 569 
Knipse 192 
Knoll 90 
Kohler 293, 539 
Kotner 134, 135 
Komppa 288, 455 
Kondakov 493 
Kosmas Indiknpleusles 120 
V, Kostanecki 495 
Krafft, |oh. 224 
Kraltheim, Crato von 224 
Kremel 569, 571 606 
Kremers 3.32. 416, 589, 594 
Kruger 436, 437, 465, 469 
Kuttigundetikraul 188 
Kunkel 74, 75, 183 
Kuntze 607 
Kunzemuller 199 
Kurbatov 165 
Kurdadbah lib 
Kurrimia ceylam'ca 532 
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L 

Labillardiire IM, lb7 
Uctones 520 
Ladanum oil, history 160 
Udenburg flask 566 
Ufont 303, 515, 516 
Uilemand 190 
L&markia auna 532 
Landofphia Watsonii 505 
Lange 134. 
tangles 139 
Lard for pomades 260 
Lapis philosopiiorum 23, 62, 202 
Laserpitium 176 
Lasia acu/eata 532 
ZolUngcri 532 
Lastrea 532 
Lathyris odorata 5i3 
Laurent 81 
Laurie acid 407, 499 

— aldehyde 407 
Laurocerasin 421, 534 
Laurus camphor 454 
Lauwerenburg 76 
Lavender oil, history 183 

— of distillation 220 
Lavoisier 76 

Lebanon-ceder oil, history 101 
Ledum camphor 402 
Lees 351 

Leeson 82, footnote 
Lehmann 602 
Leiocaipas arboreus 5(6 
Lemery 65 

lemon oil, octyiene content 278 

Lemono! ^7 

Lepeschkin 339 

Ltpidium sativum 532, 535 

Leroide 461 

Lescarbot 98 

Leuckart 389 

levallois 569 

Levulinic add from citral 412 

— -geraniol 360 

-linalool 355 

-mettylheptenone 437 

Lewis 72, 187 


Liatris odoratissima 521 

- spicata 521 

liber de destiUatione 56 
de materia medica 203 

- de vinis 56 
Licareol 3^ 

Liebig 78i 144, 

Ugnaloes oil, history 157 
Lignum aquiiie 151, footnote 

pavamim, fhridum, Kylamarathurm 
130 

Lilly of the valley, extraction 2!^ 

- maceration 266 
Lime test (for chlorine) 609 
Limonene 308 
' identification 310 
monochlorhydrate 309 
monoxyde 526 
■ nitrolaniline 310 
nitrolbenaylamine 310 
nitrolpiperidine 310 

- nitrosate 310 
nitrosochloridcs 310 
occurrence 308 
preparation 308 

•' properties 309 

- tetrabromide 310 
Linalool X2 

behavior when acetylized 577 
constants 353 
constitution 355 

- conversion into geraniol 358 
~ terpineoi 376 
identification 356 

mono- and dioxyde 526 

- occurreifte 352 
oxydation 3^ 

-to dtral 3K 

- reduction 355 
" riiiozonide ^ 

Linaloolene ^ 

Linalyl acetate 509 
-thiozonide 355 

- chloride 359 

esters preparation 356 
-- naphthylurethane 356 
phenyiurethane 356 
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Linamarin 534 
Lindera Benzoin 504 
Lindsaya cuitrata 521 
Llnebarger 536 
Link, ). H. 74, 166 

- H. C. 170 
Linum perenne 433, 532 

imtatissinwm 433, 532 
Liphard 151 
lippich 560 

Liquor antarthrilKUsS Pattii 
l.ist 

Lobeliiis 104 
Lochner 166 
Lodovico Harihema 123 
Lfiwig 171 

Long pepper oil, history 116 
Lonicer 44, 12», 164, 173,206,213,217 
Lotus arahicus 532 

— austKilis 532 
Lotusin 534 

Lovage oil, history 175 
de Luca ri5 
Lucas 144 

Lucuma lionplandia 533 
mamnnm .533 
pomifvra 533 
Ludovici 128 
Ludwig 134 
Ludersdorff 96 
LulUis 35, 182 
Lunge 281 
Lyford 587 

M 

Maba 505 • 

Mace oil, history 122 
Macer Moridus 100 
Maceration 264 

application of method 245 
Macintosh 96 
Macqtier 75 
MShI 146 
Magellan 163 
Maytisterium niagnum 31 
Magnolia hiscata 507 
Maier 89 


Mammoth fir ^1 
Mangifera 5(S 
Manihot Bankensis 433, ^ 

— Glaiiovii 433, 532 

— paimata 433, 532 
utHissima 433, 532 

Manihotoxin 534 
Manjeau 157 
Mann 540 

Mannich 452 ^ 

Manucci 139 
Marasmhis arcades 532 
Marcelius Empiricus 172 
Marco Polo 108, 110, 114, 120, 124 
Marcus Aurelius 179 
Graicus 29 

Margueron 76, 94, 199 
Markownikoff 364 
Marsdcnia tcnacissmta 505 
Marsh 304 
Martins 105, 113 
Massignon 249, 252 
Masson 351 
Mastic oil, history 158 
Masudi 112, 116, 120 
Matico camphor 403 
Matthcus 109 

Matthiohis 44, 98, 136, 218 
Maud 130 

Maumene's test with sulphuric acid 570 
Mayer 359 
Me. Kenzie 494 
Megusd 193 
Meissner 122, 178 
McUca aitmima 532 
cUiata 532 

— nutans 532 
uniflora 532 

Metilotate of coumarin 521 
Meiilotic acid 
Melilotiis alba 521 
altissima 521 
hamatus 521 
Icucantha 521 
officinalis 521 
Melisoma pendula 
Melissa oil 188 
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fiefodinus Ixvigatus 505 

— or/entalis 505 
Memecylon 505. 533 
Dti Menil 128 
Mentha aquatica 101 

— balsamka 101 
crispa 101 

— Menthastrnm 101 

• piperita, history 101 
rubra 101 
sarra^nica 101 

Mentha oils, history 100 
f'-p-Mcnthene from menthol 388 
.1‘-Menthenone from terpineo!*! 382 
Menthol 387 
constants 388 
identification 380 

— occurrence 387 
preparation 387 
separation from inenthcnc 380 

Menthone 450 
determination 500 

— from menthol .'188 
separation from menthol 380 

Menthone i.soxlme 453 
Menthoxime 306, 452 
Menthyl acetate 519 
- benzoate 380 

* /swalerate 520 

— phenylurethane 380 
Mercaptanc in Allium ursinum 546 
Mercuric acetate, action on anethol 477 
Mercurium vegetahih 31 

Merling 470 
Merremia vitifolia 532 
Messin^ter .504 
Mesue 24, 00, 130 

Metalcontent of volatile oils, early ob* 
servalions 223 
Metastyrene 282 
Methacrylic acid 500 
4>Methoethylphenol-2*methylic acid*l 
474 

/hMethoxybenzaldehydc 426 
p-Methoxybenzoic acid 501 
odHethoxycinnamic aldehyde 427 
p- - 427 


p-Methoxycinnamic acid 501 
/vMethoxyphenylacetic acid 476 
p-Methoxyphenylacetone 438 
p-Melhoxyphcnylglyoxylic acid 477 
f^'Methyladipinic acid 453 
from citronellal 410 
citronello! 367 
menthol 388 
menthone 45.1 
pulegonc 447 

Methyiethylacetic acid 400 
,A/^‘Methytethy]propyl alcohol 349 
Methyl alcohol 348 

- ‘/wimylcarbinol 350 
•/7*amylketone 334 

anthranillc acid methyl ester 545 

- benzoate 503 
chavicol 475 
chloride as solvent 248 
cinnamate 503 
•p-couinaric acid 50! 

,^-Methylcoumaric acid from o-Methoxy- 
cinnamic aldehyde 428 
1,3-Methylcyciohexanone 444 
Methyleugenol 483 
Methylheptenol 360 
- from methylheptenone 437 
Methylheptenone 436 

from citral when boiled with po¬ 
tassium carbonate solution 410 
- by oxydallon 410 
identification 437 

- - separation from citronellal 438 
Methyl-n-heptylcarbinol 351 
Methyl-n-heptylketone 434 
.^•Methylindol 542 

Metiiyl isoeugmol 485 
from methyleugenol 484 
«-MethyI-/^naphthocinchoninic acid 412 
Methyl-/^nony)ca^binol 351 

- -/Hionylketone 4.'J4 

- number 598 

numbers of various oils 509 
salicylate 504 
salicylic acid 428 
Meudon 100 
Meydenberger 57 
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Meyer f61 
Michael VliL 138 
Michaux K 
Mierzinski 89 
Mifnonette, extraction 238 
Mignonette, yield of oil when extracted 
231 

Milium eifusum 321 
Miller 513 
Millon 247 

Mineral oils, detection in volatile oils 
614 

Mirande 334 
Mirban oil 333 
Mischocarpus fiiscesam 505 
Modecca Wigbtiana 332 
MSslinger 331 
Mohammed Achem 139 
Mohr 537, 559 

Mohrenkopf, origin of name 207 
Molecular refraction 363 
Molle 329 
Monardes 130, 136 
Monk 143 

Monoanetholdibromide 477 
Monobrom/soeugenoldibromide 483 
Monobrommethylchavlcoldibromide476 
Mumtropa Hypopithys 505 
Monteil 389 
More 316 

Moriuda cilrilolia 497 
Moriuga pterygospemia 362 
Mosier 569 

Mousse de cMue 246 
Mucuma giganlea 303 
Miiller 328, 513 
von Muller, Ferdinand 167 
Muriatic acid added during distillation 
222 

Murray 133, 143 
Murraya exotica 541 
Muse baur 538 
Muscone 337 
Musk, artificial 337 
Mussaenda frondosa 306 
olliciualis 306 
— rutiuem'a 506 


Musschenbroeck 130 
Mustard oil 546 

— determination gravimetric 608 

— - thiosinamine method 603 

— titrimetric method 606 

history 132 . 

artificial preparation 347 

Myntza major 191 
Myrcene 279 
Myrcenol 280 

Myristica intermedia 504 * 

Myrislicin 489 
Myristicinic aldehyde 489 

— acid 489 
Myristinic acid 499 
Myronate of potassium 347 
Myrosin 547 

history 134 
Myrrh oil, history 152 
Myrtenal from myrtenol 392 
Myrtenol 391 

N 

NSgeli 457 

Maudina domestics 433, 332 
Mania vera 505 
Naphthalene 281 
,r-Naphtholether 495 
Narde 102 

Nardostachys /atamans/oil, history 195 
Nardus cellica 184 footnote, 195 

— Indies 184 iootnote, 194, 195 

— italics 184 footnote. 
syrica 195 

Naschold 364, 512 
Nasini 472 

Nauclea lagilolia 505 

— polycephala 5® 

Naudin 176, 248 
Naval stores 94 
Nerd 195 

Nerol 362 

— constants 362 

— occurrence 362 

— oxydadon to citral 363 

— synthesis 362 
Nerolidol 399 



NeroHn “old" and “new" 495 
Nerol tetrabromide 363 
Neiyl diphenyiurethane 363 
Neumann 71,74,104,107, 111, 113,116, 
117, 122, 124, 129, 130, 146, 154, 
157, 164, 178, 190 
Neviusiit a/absmemis 533 
New gross Destillirbuch 44 
Ngal-camphor 392 
Ngai-ftn 392 
Niccolo CSnti 110 
Nign'tella angustifoUa 521 

— suaveokns 428 
Nlobe oil 503 
Nitriles 531 
Nitrobenzene 535 

— poisonous properties 537 
Nitrocompounds 535 
Nltro-«-phellandrene 325 

— ,r-phellandrene 325 
p-Nitrophenylhydrazine reagent lor bu¬ 
tyric aldehyde 405 

Nitroprusside of sodium as reagent for 
acetaldehyde 405 
Nltrosocarvacrol 474 
Nitrosopinene 497 
Nonus Theophanes 138 
n-Nonyl alcohol 350 
Nonyllc aldehyde 350, 406 

oxydation to pelargonic acid 407 
sec. Nonyl alcohol 351 
Nopinic acid 299 
Nopinone 300 
r-Norborneol 289 
Norbomylchloride 289 
Norcamphene 289 
Nor/aobornylchloride 289 
Nuces muscatarum 123 
Niischeler 53 
Nutmeg oil, history 122 
Nattallia cerasiformis 533 
Ngctocalos brunstelsiaeflonis 505 

0 

Occo 60, 93, 187 
Ocfanene 280 
Ocimenol 280 


Ocosotl 136 
: Octyl alcohol 350 
: — aldehyde 406 
Ocfylene 278 
, - alcohol 351 
Odor lest 555, footnote 
Odorifeous principles, preparation from 
flowers 243 
Oerstidt 116 
Oescr 135 

Oils, distilled, in use etc 61 

fatty, capacity to absorb floral per¬ 
fumes 258 

Oka deslillata usitaUma 140 
Olefinic alcohols 351 

— aldehydes 407 
hydrocarbons 278 

— ketones 436 
sesquiterpenes 281 

— terpenes 279 
Oleic acid 

— - for increasing the ester contcnt6t5 
Okam cedrimm 101 

— laurinum 131 
I - Levistki 176 

j ligtii Sassafras 130 

! Ligustki 176 

mirabik 30 

— rarfK/s heknii 196 
rosarum venm 140 

— Scliariuerillae 158 
tburis 156 
Wittnebianum 166 

Ophiocaulon gummikr 532 
Oppenheim 83 
Optical rotation 560 
Orange flower oil 152 

— flowers, yield of oil when extracted 

251 

- maceration 266 

— group 84 
Orehidie 
Oxhis fuses 509 

— mUftaris 521 
I Orsini 152 

! O'Shaughnessy 160 
, Osmobydroptiora noctuma 532 
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Ostiiomek$ iXi 

Ostrich as symbol for a retort 204 
Ostwatd 557 
Ovid 146 

Oxalic acid from geraniol 360 
dimenthylester 389 
Oxbladder as cooler 210 
Oxides 525 

Oxonides of pinenc 295 

P 

Pabitzky 170 
Palladios 142, 172 

Palmarosa oil, adulteration with cocoa 
nut oil 614 
Palmitic acid 499 
Pangmn ccrfvnensv 5.12 
eduh 532 

Pankum nmitnum 533 

- mutiaim 533 

Pao de aquHa 151, footnote 
Paracelsus 28, 57 
Paradise grain oil, history 113 
Paraffin oil as solvent 264 
Parc, Ambroise 224 
Parinariiim 504 
Parry 89 

Parsley camphor 171 
seed oil 170 

Passiflont a/nta 433, 532 

- avrtifea 433, 532 
edulis 433, 532 

- hetida 433, 532 
hyhrida 433. 532 
laurihlia 433, 532 

- maciilara 433, 532 < 

- prince/is 433, 532 
quadranpularis 433, 532 
sulKnm 433, 532 

Passy 246 

Patchouli alcohol 402 

- camphor 402 
Paulli 198 

Paulus /€ginetas 162 
Paiamc 129 

Pavetta angmtifolia 505 

- arborea 505 


Pavetta barbata 

- grandifhra 5(fi 

— var. aurantiaca 505 
var. lutea 505 

- fittorea 505 
longiflora 505 
fongipes 505 

- luiliidosa 505 
mca 505 

Payen 119 

Payena latifutia 532 * 

Pebriem 115 
Peetz 229 

Pegolotti 108. no, 112 
Pclargonic acid 350 

- from nonylic aldehyde 407 
Pelargonium oil, history 145 
Pelican as symbol for a retort 204 
Pcligot 78, 128 

Pelletier 116, 154 
Pelouze 78, 134 

Pennyroyal oil, history of European 193 
Pi'per Mint 192 
Pepper oil, history 113 
Pepperers 115 
Peppermint camphor 387 
oil, history 19! 

Percival 172 
Pereira 82 

Perfumes, production of flower 243 
Peripliis 114 

Peristrophe angiistifo/ia 521 
Perkin 288, 425, 472, 508, 521 
Persians, art of distillation 16 
Persoz 81, 198 

Petroleum, detection in volatile oils 614 
effier as solvent 248, 249 

— purification 249 
Peiunga variabHk 506 
Pfruend 58 

Pharmacopcca Augustana 132,151,159. 
161, 173, 178, 187 

- medica pbysica 130, 132 
Phaseoiunatin 534 
Phaseoias lunatus 433, 532 

- 433. 532 
Phellandrai 432 
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Pheiiandrene 322 

— constants 324 

* - identification 32S 

— nitrite 325 
occurrence 322 

— preparation 323 
.-^•Pheiiandrene identification 325 
Phenol determination 5^ 

— according to Hesse 3Q4 

Schryver 592 

— Verley and Bdlsing 593 
carbonic acids, determination 5Q4 
ether 470 
Phenols 470 

removal from volatile oils 275 
Phenyl acetaldehyde 423 

— assay 584 

— from phenylethyl alcohol 371 
-determination 584 

-preparation 423 

Rienylacetic acid ^1 

— - from phenyl acetaldehyde 423 

phenylethyl alcohol 371 
Hienylaceto nitrile 535 
nienyl-^'bromlactio acid 423 
/-Phenylhiityric acid 530 
PhenyP'-chlorlactic acid 423 
Wienylethy! alcohol 370 

— mustard oil 550 
Phenyl-|w(-furyl*3*allene 5,'JO 
Phenylpropionic acid nitrile 535 
Phenylpropyl alcohol 372 

— from cinnamic alcohol 373 
-identification 373 

— occurrence 372 
PhUaddphus Ommarius 543 
Hiiliatrus 55 

Philipp 612 

Phioracetophenone dimethylether 494 
PhoHotH radkoaa 532 
Phosphoric acid anhydride, action on 
geranio! 359 

— method for the determination of 
cineol 601 

Phosphorus trichloride, action on gera- 
niol 365 

Photiitia arhutifoUa 533 


Photinia Benfhamiana 533 
serrata 504 
nerrulata 533 

- variahilis 533 
Pholoanethol 478 

Phthalic acid dimenthylester 389 

- — monomenthylester 389 
Phu 193, 194, 195 
Phy/lanihus zeylankm 505 
Physical constants, determination 556 
Piccard 335 

Pierardia dulas 5X& 

Piessc 89 
Pigafetta 123, 163 
Pilet 89 

/^‘Pimelic acid 453 
Pinene conversion into bomeol 393 
W’Pinene 290 
Identification 296 
occurrence 290 
properties 294 
itf*Pinene 298 
identification 300 

- occurrence 298 

- properties 299 

Pinene chlorhydrate socalled 295 
monochlorhydrate 295 
nitrolben?ylamine 297 

- nitrolpiperidinc 297 
nitrosochloride, yield 297 

- preparation 296 

- oxyde 
ozonidc 295 

Pinocarveol 390 
identification 391 
Pinol 294^296, 525 
c7S*Pinolglycol-2-chlorhydrine 525 
Pinolhydrate 294 
Pinonic acid 295 

— preparation 297 
Pinus Jeffrey! 277 

- Sabin/ana 277 

Pinylamine acetate change to pinocar- 
vcot 391 
Piperarii 115 

Piperin as starting point in the manu* 
facture of heliotropin 430 
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PIperanal 4», 4%, 487 
Piperotiyl alcohol from heliotropin 430 
Piperonyllc acid 486 

-from heliotropin 430 

Pirns see fyrijs 
Pistscm Terehinthus 92 
Pittospomm Ksiniterum 277 
Piver 148, 264 

Plant wax, removal from concrete oils 
231 

Platearius 109, 142, 177, 182 
Platinumblack as reducins agent 359 
Plautus 122 
Plectrmis dkoas 533 
Pleissner 444 

Pliny 19, 37, 98,100,101, 111, 113,122, 
133, 142, 146, 155, 172, 177, 179, 
184, 189, 193, 196, 202 
Plowman 394 
Plutarch 107, III, 155 
Pneumatic method for the extraction of 
fiowers 264 
Pos pratensk 532 
Podocarpm chinensk 504 
Nageia 504 
Poivre 163 

Polarisation and composition of volatile 
oils 273 
Poller 141 

Pufygala Baldwin! 505 
calcarea 505 
/avana 505 

— olfitara 505 

— Senega 505 

■ — var. iatitoHa 505 

— serpyllacea 305 
variabiik 505 
vulgaris 505 

Polyphragmon 506 
Polysulphides in volatile oils 546 
Polyterebene 82 
Polysonium rosalbum 454 
Pomade 260 
Pomeranz 549 
Pomet 161 

Pommade Iranfaise 260 
Ponce de Leon 129 


Pond 89 

Porta 44, 56, 93, 113, 115,123, 128,133, 
136, 140, 150, 152, 161, 164, 168,’ 
173, 175, 183, 186, 197, 199, 229 
Posth 523 

Potassium bisulphate, action on geraniol 
.'159 

— methyl salicylate 507 
Powder, smokeless 455 

Power 279, 280, 311, 351, 490, 590 
Priestley 76 ' 

Prileschaiew 525 

Primary alcohols, preparation 347 
Priraulaverine 506 
Primverase 506 
Primverine 506 
Procter 118, 137, 181 
p-Propenylanisol 476 
4-Propenyl-l, 2,5-trimcthoxybenzene487 
4-Propenyl-1,2,6-trimethoxybenzene489 
Propionic acid 498 
/r^Propyiphenol from safrol 486 
Protocalechuic aldehyde methyl ether 
428 

methylene ether 429 
Proust I&3, 187 
Prulaurariin 421, 534 
Pruniis adempoda 533 
-- alleghaniensis 533 
americana 533 

— Amygdalus 533 
Armeniaca 533 
avium 533 

- Besseyi 533 
Capoilin 533 
caroiliniana 533 
Cerasus 533 
Chamaecerasus 533 
divaricata 533 

— domeslica 533 
iavanica 533 
Lauwcetasus 533 
lusitauica 533 
liahaleb 521 

- nana 533 
occidenlalis 533 

-- Padus 533 



Pmnus pa/iicufata 533 

— pendula 533 

— pennsylvanica 533 
Pei^ica 533 

” Puddum 533 

— serotina 533 
sphsrocurpa 533 
spinosa 533 

— subhirteiia 533 
uadalata 533 

— virginiana 533 
Pseudo ionone 412, 465 
Psidium montanum 532 
Psychotria celastroides 506 

— rohuata 50b 
'■* undata 506 
Pterk aquitina 533 
telegenic acid 445 
Pulegol 445 
Pulegone 443 

^ determination 589 

— dioxime 446 

— oxaminoxime 446 

— reduction to menthol 387, 445 
Pulfrich 562 

Pygwm africanum M3 

— latifolium 533 

— parvifhnm 533 
Pycnometer 557 
Jfyrethrum caiicasicuin 532 
Pyridine for the preparation of esters 

360 

Pyromucic acid from furfurol 431 
Pyrvs americana 533 

— Aria 533 

— Aucuparia 533 

— communis 426 

— C^donia 533 

— germanica 533 

— faponica 533 

— Mains 533 

— Mespilns M3 

• pinnatifida 533 

— pingo 533 

— spectahilis 533 
—’ torminalis 533 


! Q 

, Quercus bancana 504 
I — glandulifera 504 
— Jungliuhnii 504 

— pseudomoluccana 504 
: - spicata 504 

' — Teysmannii 504 
! Quinta essentia 43, 63, 202 
I Quintessence 28 
Quintessences 251 

R 

, Kadziszewskl 423 
' Ralla 33 
I Ramel 167 
, Kandia densitlora 506 

— dametonim 506 
I - iiligimaa 506 

Hammculus arvensis 532 

— reitens 533 
HatiwolHa siKctabilis 505 
Ray 192 

Raymundus Ullus 31, 33 
Recluz 145 
Redi 121 
Reforraatsky 364 
Hehirmirtc Apothek 48 
Relraction and the composition of vola- 
tiie oils 273 
I — constant 561 
I — index of 561 
I — molecular 563 
j — specific 562 
I Reiche I61_ 

I Reinder I4!t 
j Reiff see Ryff 
I Reimer 425 
I Rem(m)ler 151 

I Removal of plant wax from concrete 
i oils 250 

I Resina elemnia 156 
I Resorcinol method tor the determination 
I of cineol 601 

I Rduniol 364 
I Reymann 122 
i Rhamnas Irangula 532 
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Rhates 205 

Rhazes 108 | 

van Rheede tot Draakenstein 102, toa, ! 

Ml, 112, MS ! 

Rhodian cups lOt 
Rhodinal 418 
Rhodinol 357, 363, 364 
f^liodotypos kerriokies 533 
Rihes aureum 532 
rubrum 332 
l^icinus communis 532 
Rigand 122 

l^b de Laffecteui 181, footnote 
RobilUrd 145 

Hobinia Pscudo-Acacia 543 
Robiquet 79, 134, 144, 247 
Rochicder 84, 188 
Roeder 416, 448, 450 
Rojahn 3^ 

Roman chamomile oil, history 196 
Romans, art of distillation 19 
van Romburgh 280 
f^dmische Myntza 191 
Ronsch 122 

Rose of lericho 137, footnote 
- maceration 266 

- oil, history 16, 137 

- stearopteiie 278 

- yield of oil when extracted 251 
f^osenbut, history 210 

Roseot 364 
Roshanowitsch 309 
Rosmary oil, history 182 
Rossi 45 
l^smyntza 191 
Rotation, optical 560 ■ 

Rother 582 

f^otthra dispar 505 

Rouelle 71, 75 

Route 248 

Roxburg 103, 160 

Rubeus 45. 161,173, 178 

I^ubus sundaicus 505 

Ruellius 50 

Rue oil, history 146 

Rumpf see Rumphius 

Rumphius 102, 108, 113, 120, l65 


Runne 604 
Ruotte 130 
f(tis 64 

Russula fatens 532 
Ruta graveolens 521 
Ryff 44, 57. 93. 106, 123, 136, 154, 
159, 160, 164, 173, 179, 183, 185, 
206, 211 

Ryparosa exsia S02 
hmgipcdunculata 532 

$ 

Sabatier .tSB, 471 
Sabim, derivation of name 100 
Sabinahetone 301 
Sabjnene 300 

— change to terpinenoU 383 

— glycol 301 

- hydrate 383 

— identification 301 
Sabinic acid 301 
Sabinol 390 

— glycerol 390 
Sadder 584, 585 
Sabran 106 
Safrol 485 

Safron oil, history l(2> 

Sage camphor 188 

Saladinus of ,€sculo 33, 93, 115, 120, 
121, 139, 143, 146, 183, 185, 197 
Salicylic acid SOI 
• amylester 509 

— • ethylester 508 

— — for increasing the ester content 

613 

— from salicylic aldehyde by oxi¬ 
dation 425 

-methylester 504 

Salicylic aldehyde 425 
oxidation 426 

- - reduction 426 

Saligenine, oxidation to salicylic alde¬ 
hyde 425 

Salikounda-beans 521 
Salix amygdaliaa 532 
triandra 532 



Silomo HI. 109 

Salomonis-Apotheke (Leipzig) 58 
Salts added during distillation 222 
Salway 490 
Smbaais nigra 533 
Sambunigfin 421, 534 
Saneto Amando 33, 143 
Sand bath, history 206 
Sandalwood oil, history 18, I lb 
Santal camphor 401 
Santalal 4lfl 

- occurrence 401 
Santalene 336 
o-Santalene properties 336 
u- and ft.Santaiene, derivatives 336 
Santaloles, «- and i<- 400 

- properties 400 
Santene 289 

— glycoi 290 

— - nitrosochioride 289 
Santenol 289 
Santo Amando 93 
Saponification 570 

— value 571 

Saitocephalus sahditus 506 
Sartorius 122 
Sassafras oil, history 129 
Satie 90, 

Saussure 173, 183, 187 
Savin oii, history 100 
Sawer 89 
Schaub 144, 145 
Scheele 76, 143 
Scheachieria palusiris 532 
Schimmel & Co. 98, 118 125,182,306, 
308, 318, 319, 328, 330, 334, .338, 
353, 358, 365, 367, 371, 372, 373, 
374, 377, 381, 385, 400, 406, 409, 
416, 417, 421, 423, 424, 426, 437, 
440, 445, 449, 451, 467, 468, 469, 
470, 472, 474, 476, 482, 483, 503, 
506, 508, 509, 510, 511, 512, 513, 
514, 516, 517, 518, 519, 522, 528, 
531, 540, 545, 547, 563, 566, 578, 
579, 581, 582, 586, 588, 591, 601 
Schindelmeiser 339 
SchlehlKria trijaga 533 
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Schmidt 329, 340, 364, 365, 366, 41^ 
417, 418, 448, 468, 512 
Schmidt, E. 135 
Schnedermann 105 
Schneil 495 
SebOnos 102 
SchSnus oii, history 16 
Sch5pf 95, 104, 106, 131 
Scholtz 421 
Schrader 79, 144, 145 
Schreiner 89, 325, 329,332,560,589,594 
SchrSder i 30, 132, 144 
Schryver 592 

Schryver's phenol determination 613 
Schultz 189 
Schweizer 80 

‘ Scniopia Hoxkurghii 505 
Scribonius Largiis 122, 133, 142, 172, 

; 179, 184, 194 

^ Scyphtuttachys atihoides 506 
' Sedanolide 520 
I Selinene 334 
I - properties 335 
i Sell 78, 80, 171, 173, 175 
: Semecarpus 

Semmler 87, 90, 272, 279, 289, 

340, 375, 376, 390, 391, 397, 

406, 409, 459, 460, 461, 464, 

493, 494 

Senderens 358, 474 
Senuhol 195 
Sainoia gigaiilea 281 
Seqiioiene 281 
Serapion 24, 120 
^ Serpena 213 
j Serpentina^Zl, 30, 206 
1 Serpentine cooler, history 206 
i Serres 97 
i Sesquiterebene 82 
; Sesquiterpene alcohols 399 
aliphatic 328 
1 - cyclic 328 
i - from cade oil 338 
I - euulyptus oil 403 

j-Minjaii-Lagam-balsam oil 339 

I - the bark of Ocotaa mambannak 
I 340 





m 

Sesquiterpene light, aliphatic 328 

— olelinic 281 

— tricyclic 340 
Sesquiterpenes 326 

— artificial preparation 326, 346 

— bicyclic 329 

— boiling temperature 326 

— classifiation 327 

— constitution 327 

— monocyciic 328 

— tabie ol non-characterized 342 

— tricyclic 340 
Shin-J-Ho 193 
Sideroxylun iihovatiim 505 
Silber 176, 334, 479, 490 
Silphiim 176 
Simon 90 
Sinalhin 550 
Sinigrin 547 

— history 134 
Sisymbrium 191 
Shatol 542 
Slare 128 
Slawinsky 525 
Sloane 161 

SiMtia Siderusyhn 504 
Smell, physiology of sense of 555, foot¬ 
note 
Smith 369 

Smokeless powder 455 
Snow 569 
Sobrerol 294, 525 
V. Soden 329, 391 

Sodium amide for phenol determinations 
592 

Soil, conditions of - and ormposition 
of volatile oils 271 
Soltmann % 

Solubility 566 
Solubility value 568 
Sorias Aucuparia 426 
Sorghum halepensc 532 

— ■ nignim 532 

— vulgare 532 
de Soto 129 
Soubeiran 77, 80 
Spagyric art 27 


Index. 

I Specific index of retraction 562 
i — gravity 556 

1 - and composition of volatile oils 

273 

‘ — balance 557 

-change in temperature 559 

Spermacoce semierecta 521 
Sphenodesme Wallicbiaua 505 
Spica 196 
Nardi 184, 196 
Spielmann 99, 113, 154 ' 

Spike oil, history of distillation 183, 
220 

Spiraea 278 

- Aruncus 533 
digitata 425 
HHpenduIa 425 

- japonica 533 

- Kne 'dUi 533 
Liudeleyana 533 

- lobata 425 

- pruuilolia 533 . 

- sorbifolia 533 

— Ulmaria 425, 505 
Spiritus Mellssae compositus 189 

- sails 222 
terpenthiux 93 

Spouia virgala 532 
Spoonwort oil, history 132 

- artificial 549 
Sprengel 557 
Sprinz 524 

Stahl 66 
Stable 102 
Stange 144 
Staranise oil 283 

- history 121 

Steam distillation, history 227, 231 
Stearic acid 500 

Stearoptene introduction of term 77 
Stock 122 
Steer 198 
Steinkauler 281 
Stenhouse 84, 156 
Stephan 350, 365, 407, 6f0 
Sterculia 532 
I Srifftia cbrysantha 506 
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Still, introduction of modern 232 
odor of, see ..Blasengeruch*' 
Stipa hastrkina 532 
hptostacbya 532 

— tortUis 532 
Stoclcmann 128 
Stdchas oil 184 
Storax oil, history 135 

American, history 13b 

— oils 281 

Strabo(n),*Walafried 155, 175, 
Strabus Strabo 
Strache 581 

Stranvassia giHUCcsctns 533 
Strehlus mauritianus 504 
Styracin 515 
Styrax Hquidus 13b 
Serene 281 

— dibromide 282 
Styrone 373 
Succinic acid 500 
-diethyl ester bl5 

— - dimethyl ester 38*^ 

Sugar as adulterant of vanillin 420 
Sun bath, history 200 
Sulphides 54b 
Sulphite method 584 
Sulphuretted hydrogen 54b 

— compound with carvone 430 
Sulphuric acid test, Maumene’s 5b8 
Sung 121 

Sasmta lb, 107, 17b 
Swaim’s F^anawa 181 
Sweet basil oil, history 103 

— birch oil, history 118 

— orange tree, history 140 
Sylvestrene 315 

— dibromhydrate 317 

— dichlorhydrate preparation 317 
~ diiodohydrate 317 

nitrolbenzyUmine 317 

— nitrosochioride 317 

— tetrabromide 317 
Sylyeterpin 317 
Syivcterpineo! 317 
Symplocos /ascicu/ata 505 
Synesios 22, 23 

CiLDeMCtSTtN, Tui VOUTIir OILS. 
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; Tacsoaia 433, 532 
' - van Volxemii 433, 532 
Tamba Yasuyori (03 
Tambor 405 

><-Tanacetogenedicarbonic acid 300 
Tanacetone 4b1 
Tanacetyl alcohol 397 
Tansy oil, history 198 
Tapia 337 

laraktogenm filtimei 505, 532 

— ktimi 532 
Tardy 30b 

Jaxa nnhvrsah'ii 158 
Teiwna mcxkana 505 
Tennant 22b 
Terebene 82 
Tercbentene 82 
Terebic acid 294, 379, 525 
Terecamphene 82 
Terephthalic acid 284, 294 
Teresantalic acid 501 
Ter Meulen 550 

: Terpene, introduction of the name 83 
syntheses ^ 

I Terpenes 285 
! aliphatic 280 

I complete synthesis 288 

! Tcrpenylic acid 204, 379 
j Terpil series 83 
: Terpin, change to .-'terpineol 381 
Tcrpinenc 299, 318 

— dihydrobromide 319 
dihydrochtoridc 319 

I dihydriodide 319 

i from geraniol 359 

I - - pheflandrene 324 
I identification 320 

j — nitrolbenzylamine 3^ 

I — nitrolpiperidine 320 
I nitrosite 320 

i — occurrence 318 

— preparation 318 

— properties 319 
terpin 320 

I ;'-Terpjnene, oxidation 321 
! TerpinenoM 375, 382 


43 
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TerpinenoH 30t, 320, 382 
Terplneol 300, 375 
~ behavior during acetylation 578 

— - converaion into carvone derivatives 

379 

-- - terpin hydrate 37b 

•- from geraniol 359, 377 
-linalool 37b 

— nhrolaniline 380 

-- nitrolpiperidine 380 

— nitrosochioride, preparation 379 
K-Terpineol from geraniol 359, 377 

occurrence 378 

— properties 377 
,<-Terpineol 375, 380 

— derivatives 381 
j’-Terpineol 381 

Terpin hydrate 294, 309, 384 

— as adulterant for vanillin 429 

— - formation and occurrence 384 
' - from geraniol 359 

— linalool 354 
Terpinolene 315 

— erythritol 315 

— properties 315 
Terpinyl acetate 516 

-for increasing the ester content 

615 

— formate 515 

— naphthylurethane 379 
' phenylurethane 329 
Tetrachlor carbon as solvent 249 
Tetrahydrouriina osyde 530 
Tetrahydrocarvone 320, 325 
ATetrahydrocarvone 474 
Tetrahydrocarvylamine 325 ' 
Tetrahydrocuminic aldehyde 325 
Tetrahydrocuminylamine 326 
Tetramethoxybenzoic acid 492 
Thalictrum aQiiilegifolium 433, 532 
Tbea cA/nens/s 505 

— axhinchimiisk 5ffi 
Thenard 80 
Theophanes 24 

Theophrast 111, 113,133,135,142,155, 
in, 189 

Thesaurus Euonyml Philiatri 52 


: Thibierge 133 
I Thielebein 154 

I Thiophenylketotetrahydroquinazoline' 
543 

i Thlosinamine method for the deter¬ 
mination of mustard oil 548 
Thiozonides of linalool 355 
Thiaspi arveuse 546 
i Thoms 490, 492, 596 
Thujadicarboxylic acid 301 
Thujaketone 463 
"■Thuiaketonic acid 463 
.i-Thujaketonic acid 463 
Thuione (« and ,0 461 
. — characterization 464 
from thujyl alcohol 397 
oxime 462 

' semicarbazone 463 

— tribromide 464 
Thu'iyl alcohol 397 

- — from thujone 463 
Thunhergia grandillora 505 

I Thus 159 

i Thyme oil, history 189 
I Thymene iSS 
j Thymohydroquinone 479 
j dimethylether 479 

j Thymol 471 
1 - determination 594 
I — from diosphenol 494 
i Thymoquinone from thymol 472 
I Thymus uoslras 190 
! Tiemann 87, 353, 359, 364, 365, 366, 
; 375,409,411,413,414,415,417, 

418, 425, 436, 437, 442, 445, 465, 
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